Impacts des médicaments écrasés sur le goût et sur le biofilm oral by Lamure, Julie
Impacts des me´dicaments e´crase´s sur le gouˆt et sur le
biofilm oral
Julie Lamure
To cite this version:
Julie Lamure. Impacts des me´dicaments e´crase´s sur le gouˆt et sur le biofilm oral. Sciences
agricoles. Universite´ Nice Sophia Antipolis, 2015. Franc¸ais. <NNT : 2015NICE4087>. <tel-
01278340>
HAL Id: tel-01278340
https://tel.archives-ouvertes.fr/tel-01278340
Submitted on 24 Feb 2016
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
1 
 
UNIVERSITE NICE-SOPHIA ANTIPOLIS  
 
Ecole Doctorale des Sciences de la Vie et de la Santé  
 
THESE  
pour obtenir le titre de 
 
Docteur en Sciences 
de l'UNIVERSITE NICE SOPHIA-ANTIPOLIS 
 
Discipline : Immunologie et Microbiologie 
 
Présentée et soutenue par 
 
Julie Lamure 
 
 
 
Impacts des médicaments écrasés 
sur le goût et sur le biofilm oral 
 
 
 
 
Thèse dirigée par le Pr Isabelle PRECHEUR  
 
Soutenue le 30 novembre 2015 
 
 
 
 
Jury: Pr Virginie MONNET-CORTI         Présidente du Jury    
   Pr Alain PESCE                              Rapporteur 
Pr Isabelle PRECHEUR          Directrice de thèse 
Dr Alain DOGLIO           Examinateur 
 
2 
 
SOMMAIRE 
 
                                                                                                                                                                            Page 
SOMMAIRE                                                                                                                                                              2 
REMERCIEMENTS                                                                                                                                                    3 
INTRODUCTION                                                                                                                                                       6 
CHAPITRE I:                                                                                                                                                            12 
 
Antiseptic mouthwashes could worsen xerostomia in patients taking polypharmacy 
 
CHAPITRE II:                                                                                                                                                           21 
 
Taste of ten drugs frequently prescribed in nursing homes crushed and mixed in food: observational 
study in 16 healthy volunteers  
                                                                                             
CHAPITRE III:                                                                                                                                                         33    
           
Thirty drugs frequently prescribed in nursing homes: an in vitro screening of the anti-bacterial and 
anti-Candida properties of crushed medications                                        
                                                                                                   
CONCLUSIONS                                                                                                                                                       55                                 
REFERENCES                                                                                                                                                          58 
DEDICACES                                                                                                                                                             60 
 
 
 
 
 
3 
 
 
 
 
 
REMERCIEMENTS 
 
 
 
 
 
 
 
 
 
4 
 
 
A Madame la Professeur Isabelle Virginie MONNET-CORTI 
Docteur en Chirurgie Dentaire 
Docteur de l'Université d’Aix Marseille 
Professeur des Universités - Praticien Hospitalier 
Responsable de la sous-section de parodontologie   
 Faculté d’odontologie – Université Aix Marseille    
 
  Vous me faites un très grand honneur en présidant ce jury de thèse.  
Je vous remercie d’avoir accepté de juger ce travail et d’en être le rapporteur 
 Veuillez trouver, dans ce travail le témoignage de toute ma gratitude et de mon profond 
respect.   
 
 
 
 
 
 
 
 
 
A Monsieur le Professeur Alain PESCE 
Docteur en Médecine 
Professeur des Universités - Praticien Hospitalier 
Département de Gérontologie Clinique et Mémoire - Centre Rainier III  
Centre Hospitalier Princesse Grace – Principauté de Monaco 
Centre de Coordination Gérontologique – Principauté de Monaco  
 
Je vous remercie pour l’intérêt que vous portez à ma thèse en acceptant de juger ce travail et 
d’en être le rapporteur. 
Veuillez trouver, dans ce travail le témoignage de toute ma gratitude 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                     
5 
 
A Madame la Professeur Isabelle PRECHEUR 
Docteur en Chirurgie Dentaire 
Docteur de l'Université de Nice Sophia Antipolis 
Professeur des Universités - Praticien Hospitalier 
Faculté d’odontologie – Université de Nice Sophia-Antipolis 
  
 
Je vous remercie d’avoir dirigé mes travaux de recherche mais également de m’avoir accordé 
votre aide et votre temps pour ce travail. 
Pour la qualité de votre enseignement je vous prie de bien vouloir trouver ici, 
L’expression de mon profond respect 
 
 
 
 
 
A Monsieur le Docteur Alain DOGLIO 
Docteur en Sciences 
Docteur de l'Université de Nice Sophia Antipolis 
Maître de Conférences des Universités - Praticien Hospitalier 
Responsable Unité de Thérapie Cellulaire et Génique (UTCG, CHU de Nice) 
Directeur Laboratoire Microbiologie Orale, Immunothérapie et Santé (MICORALIS 
EA7354, UNS) 
 
Je vous remercie d'avoir accepté de siéger dans ce jury 
J’ai pu apprécier votre disponibilité, compétence, et gentillesse au sein du laboratoire.  
Veuillez trouver dans ce travaille témoignage de mon profond respect 
 
 
 
 
6 
 
 
 
 
 
INTRODUCTION 
 
 
 
 
 
 
 
 
 
7 
 
Démographie : Le vieillissement de la population 
Au premier janvier 2015, la France comptait 11,9 millions de personnes âgées de plus de 65 ans.  Les 
personnes de plus de 60 ans ƌepƌĠseŶteŶt ϮϬ% de la populatioŶ fƌaŶçaise.  L’espĠƌaŶĐe de vie Ŷe 
Đesse d’augŵeŶteƌ. En 2015, elle est de 79,2 ans pour les hommes et 85,4 ans pour les femmes. En 
2010, 15000 centenaires vivaient eŶ FƌaŶĐe, soit tƌeize fois plus Ƌu’eŶ ϭ9ϳϬ. Si les teŶdances 
démographiques persistent, la population des plus de 60 ans augmentera de 10,4 millions entre 2007 
et 2060. Cela sigŶifie Ƌu’uŶe peƌsoŶŶe suƌ tƌois sera âgée de plus de 60 ans en 2060. [1] L’espérance 
de vie en bonne santé progresse par contre plus lentement. Elle est de 62,6 années pour les hommes 
et 63,8 années pour les femmes. On aura donc une population plus âgée mais dépendante. En 2012 
le nombre de personnes âgées dépendantes représentait 1,13 millions [2]. 
EHPAD, dysphagie, anorexie et médicaments écrasés 
Les personnes âgées dépendantes vivent à leur domicile si la pƌĠseŶĐe d’uŶ ou plusieuƌs aidants dans 
l’eŶtouƌage le peƌŵet. Mais la ŵajoƌitĠ des peƌsoŶŶes âgées dépendantes résident en EHPAD 
(établissement d'hébergement pour personnes âgées dépendantes). Cela correspond aux maisons de 
retraite médicalisées. Les EHPAD peuvent accueillir des personnes âgées très dépendantes. Ces 
résidents souffrent de maladies chroniques et ils sont souvent polymédiqués. Le personnel soignant 
leur administre en moyenne 6 à 8 médicaments par jour ce qui représente 6 à 20 comprimés ou 
gélules par jour. Certains patients hébergés en EHPAD souffrent de problème de déglutition ("fausses 
routes" ou dysphagies).  La prévalence de la  dysphagie augmente avec l’âge.  Au moins 15% de la 
population âgée et jusƋu’à ϱϬ% des ƌĠsideŶts d’EHPAD souffƌeŶt de dǇsphagie à Đause de la ŵaladie 
de PaƌkiŶsoŶ, d’uŶ aĐĐideŶt vasĐulaiƌe cérébral, de la ŵaladie d’Alzheiŵeƌ ou d'une sécheresse 
buccale (syndrome de Gougerot-Sjögren, sécheresse buccale d'origine médicamenteuse). La 
dǇsphagie augŵeŶte le ƌisƋue de pŶeuŵoŶie d’aspiƌatioŶ, par inhalation de salive contaminée par les 
bactéries buccales dans les voies respiratoires. Le ƌefus de s’aliŵeŶteƌ Ƌui eŶ ƌĠsulte peut eŶtƌaiŶeƌ 
déshydratation, une anorexie et la mort.  Les médicaments sont souvent écrasés et mélangés dans 
8 
 
une compote ou un laitage, pour pouvoir être pris par les personnes âgées qui ont des troubles de la 
déglutition ou des troubles du comportement [2].  Les alternatives (voie parentérale, sonde 
gastrique) sont plus agressives et limitées aux situations aiguës ou transitoires. Une étude 
prospective a été menée auprès de 683 malades hospitalisés dans toutes les unités de Gériatrie du 
CHU de Rouen en 2009 [3].  Les médicaments étaient écrasés pour 32,3% des patients, 
principalement à cause de troubles de la déglutition (67,1%) ou de troubles du comportement 
(27,5%). La Haute Autorité de Santé a publié une liste des médicaments autorisés à être écrasés, car 
cette pratique peut modifier la pharmacocinétique de certains médicaments, et les rendre inactifs 
voire toxiques [4]. En pratique la réalité est différente : 41,5% des comprimés ou gélules administrés 
apƌğs ĠĐƌaseŵeŶt avaieŶt uŶe foƌŵe galĠŶiƋue iŶteƌdisaŶt l’ĠĐƌaseŵeŶt [3]. 
 Après 70 ans, la dénutrition protéino-énergétique est définie par une perte de poids > 5% en 1 mois 
ou > 10% en 6 mois, une diminution de la masse corporelle totale, en particulier aux dépens de la 
masse musculaire, un indice de masse corporelle (IMC) < 21 [5]. La dénutrition est fréquente en 
gériatrie et sa prévalence augmente aveĐ l’âge. Chez les peƌsoŶŶes âgĠes de plus de ϳϬ ans, elle varie 
de 4% à 25-ϯϬ% à doŵiĐile eŶ Đas de peƌte d’autoŶoŵie. Elle atteiŶt ϭϱ-38% en institution et 50-60% 
à l’hôpital [5]. Les polypathologies et la polymédication favorisent la dénutrition protéino-
énergétique [5, 6]. Au niveau buccal , les altérations bucco-dentaires et les altérations du goût 
augmentent le risque de dénutrition [7]. En bouche, la diminution du coefficient masticatoire, la 
sécheresse buccale et les douleurs buccales sont des facteurs de risque indépendant de dénutrition 
[7–10]. 
Le goût  
Après 75 ans, le Ŷoŵďƌe de papilles gustatives diŵiŶue et Đelles Ƌui deŵeuƌeŶt s’appauvrissent en 
bourgeons du goût.  À cet âge, la perception des sensations de base est amoindrie mais le goût du 
sucré est mieux préservé. Le goût fait partie des facteurs de régulation de l’appĠtit. Il joue doŶĐ uŶ 
ƌôle daŶs l’aŶoƌeǆie des personnes âgées en diminuant le plaisir de manger [11]. Outre le 
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vieillissement naturel des sens, les médicaments peuvent avoir un effet indésirable intrinsèque sur le 
goût. Certains médicaments écrasés pourraient modifier le goût des aliments dans lesquels ils sont 
mélangés. 
Biofilm Oral  
Comme toutes les surfaces orales, le pôle externe des bougeons du goût est isolé du milieu buccal 
paƌ uŶ ďiofilŵ ŵiĐƌoďieŶ eŶdogğŶe. Les ŵolĠĐules sapides oŶt l’aptitude de tƌaveƌseƌ les ŵiĐƌo-
canaux qui traversent le biofilm sain pour accéder aux bourgeons du goût. Plus de 700 espèces 
bactériennes ont été identifiées dans le biofilm oral [12]. Ces ďaĐtĠƌies oŶt uŶ poteŶtiel d’adhĠsioŶ 
sur toutes les surfaces dentaires, muqueuses et sur les prothèses et matériaux de restaurations 
dentaires.  Ces bactéries s’organisent en une structure tri-dimensionnelle  [13] [14] [15],  intégrées 
dans une matrice exo-polysaccharide [16]. Le biofilm oral est souvent colonisé par des champignons 
inférieurs du genre Candida, en particulier Candida albicans. Certaines bactéries sont impliquées 
dans les maladies orales comme les parodonties et les caries dentaires. Ce sont les infections 
bactériennes les plus fréqueŶtes Đhez l’hoŵŵe. Paƌ eǆeŵple ϱϯ,ϭ% des aŵĠƌiĐaiŶs âgĠs de ϯϬ à 9Ϭ 
aŶs oŶt uŶe peƌte d’attaĐhe parodontale supérieure ou égale à 3 mm [17]. Il est très fréquent 
d’Ġtudieƌ des ďaĐtĠƌies spĠĐifiƋues d’uŶe pathologie. Mais le biofilm sain a souvent été négligé [18]. 
La communauté microbienne varie entre différents sites de la cavité buccale (dent, palais, langue, 
tissus ŵous …Ϳ [19]. La plupart des genres bactériens oraux sont communs à tous les sites oraux, par 
exemple Gemella, Granulicatella, Streptococcus et Veillonella. Chaque site oral présente 20 à 30 
espèces prédominantes. Les différents sites oraux dans leur globalité possèdent 34 à 72 espèces 
prédominantes par individu sain [18]. 
Les pƌiŶĐipes aĐtifs ou l’eŶƌoďage des ŵĠdiĐaŵeŶts pourraient avoir un impact sur les bactéries et les 
Candida du ďiofilŵ oƌal, loƌsƋu’ils soŶt diƌeĐteŵeŶt à leuƌ ĐoŶtaĐt.  
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Sécheresse buccale 
 Les bactéries orales endogènes assurent l'hydratation et la viscosité du biofilm oral, et elles sont 
indispensables à une bouche saine et au confort du patient. Au contraire, un biofilm oral altéré peut 
se traduire par une bouche sèche. La xérostomie est une sensation subjective de sécheresse buccale 
et l'hyposalivation est une diminution objective du volume de sécrétion salivaire. FaĐe à l’aďseŶĐe de 
consensus dans le traitement de la sécheresse buccale, il paraît nécessaire de combattre les facteurs 
iatrogènes [20]. L’utilisation de bains de bouche antiseptiques pendant plus de deux semaines 
déséquilibre le biofilm oral. Les principes actifs antiseptiques couramment utilisés dans les bains de 
bouche soŶt la ĐhloƌheǆidiŶe et l’heǆĠtidine, le triclosan. Les huiles esseŶtielles et l’alĐool sont 
souvent utilisés comme adjuvants, mais ils ont aussi des propriétés antiseptiques.  La pratique des 
médicaments écrasés pourrait aussi contribuer à expliquer la sécheresse buccale, qui est très 
fréquente chez les résidents des EHPAD. La sécheresse buccale augmente notamment le risque de 
ĐaŶdidoses oƌales, de pŶeuŵoŶies d'iŶhalatioŶ, d’aŶoƌeǆie et de dĠŶutƌitioŶ. 
 
Objectifs de la thèse 
Nous avons d’aďoƌd ĠtudiĠ l’impact des bains de bouche antiseptiques, qui altèrent le biofilm oral, 
sur la xérostomie. Nous avons ensuite testé les 30 médicaments les plus souvent prescrits dans les 
596 EHPAD du groupe Korian, dont la liste complète nous a été transmise par la direction médicale 
du groupe. 
Le 1er objectif était de dĠteƌŵiŶeƌ l’iŵpaĐt des ŵĠdiĐaŵeŶts ĠĐƌasĠs suƌ le goût de voloŶtaiƌes saiŶs, 
afin de déterminer quels médicaments étaient acceptables ou à déconseiller dans les aliments (étude 
sur les 10 médicaments les plus prescrits).  
Le 2ème  objectif était de rechercher in vitro si certains médicaments écrasés pouvaient inhiber ou au 
contraire stimuler la croissance microbienne et risquaient d’altĠƌeƌ le ďiofilŵ oƌal. 
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Annexe : 
Liste des 30 médicaments les plus prescrits dans les EHPAD du groupe Korian, par ordre décroissant de 
fréquence de prescription 
 
Principe actif 
Médicament 
écrasable 
Paracétamol E 
Acide acétylsalicylique   
Furosémide E 
Lévothyroxine sodique E 
Mémantine E 
Chlorure de potassium (E508)   
Zopiclone E 
Amlodipine   
Alprazolam E 
Oxazépam E 
Rispéridone   
Miansérine   
Donépézil E 
Macrogol 4000   
Clopidogrel E 
Carbonate de calcium (E170) ; cholécalciférol   
Bensérazide;Lévodopa   
Ramipril E 
Acide folique E 
Amiodarone E 
Rivastigmine   
Glycérol (E422) ; paraffine ; vaseline   
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CHAPITRE I – Avant propos 
Résumé 
Objectifs : La polymédication est une cause fréquente de xérostomie. Cette étude a pour 
oďjeĐtif d’Ġtudieƌ si la ǆĠƌostoŵie seƌait uŶ effet iŶdĠsiƌaďle des ďaiŶs de ďouĐhe, loƌsƋu’ils 
sont utilisés pendant plus de deux semaines chez des patients polymédiqués. 
Matériels et Méthodes : Cette étude observationnelle inclus 120 patients hospitalisés (60 
d’âge ŵoǇeŶ et ϲϬ peƌsoŶŶes âgĠesͿ polǇŵĠdiƋuĠs ;> ϰ ŵĠdiĐaŵeŶts paƌ jouƌͿ et à ƌisƋue 
de xérostomie médicamenteuse. La xérostomie est évaluée en questionnant les patients. 
Résultats : 62.5% des patients se plaignent de xérostomie. DaŶs le gƌoupe d’âge ŵoǇeŶ, la 
ǆĠƌostoŵie seŵďleƌait iŶdĠpeŶdaŵŵeŶt assoĐiĠ à l’utilisatioŶ des ďaiŶs de ďouĐhe (OR = 
5.00, 95% CI = 0.99-25.3, p= 0.052). Les principes actifs des bains de bouche sont 
principaleŵeŶt des ĐoŵposaŶts d’ammonium quaternaire (chlorhexidine, hexétidine, 
Đhloƌuƌe ĐetǇlpǇƌidiŶiuŵͿ. Les ďaiŶs de ďouĐhe peƌtuƌďeƌaieŶt l’ĠƋuiliďƌe saiŶ du ďiofilŵ 
humidifiant la muqueuse orale. Le biofilm contient des mucines, des glycoprotéines 
salivaires avec des oligosaccharides Đapaďles de sĠƋuestƌeƌ l’eau et les ďaĐtĠƌies eŶdogğŶes 
entourés par un glycocalyx. Les bactéries orales sont hautement sensibles aux ammoniums 
quaternaires et aux autres antiseptiques utilisés dans les bains de bouche comme la 
povidone iodée, le triclosan, les huiles esseŶtielles, l’alĐool et la ƌĠsoƌĐiŶe.  Cependant, les 
professionnelles de santé recommandent fréquemment ces produits pour le contrôle de 
plaque, chez les patients souffrant de xérostomie, pour diminuer les risques de caries et de 
parodontites. 
Conclusion : Cette étude est le première démontrant que les bains de bouche utilisés plus de 
deux semaines pourraient empirer la xérostomie chez les patients polymédiqués. 
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ORIGINAL ARTICLE
Antiseptic mouthwashes could worsen xerostomia in patients taking
polypharmacy
MARLENE CHEVALIER1,2, CHARLOTTE SAKAROVITCH3, ISABELLE PRECHEUR1,4,
JULIE LAMURE1,4 & VALERIE POUYSSEGUR-ROUGIER1,4
1
Laboratory of Oral Health and Aging, Faculty of Dentistry, University Nice Sophia Antipolis, Nice, France,
2
IP-TPT
UMR MD3, Aix-Marseille University, Marseille, France,
3
Department of Clinical Research, Nice University Hospital,
Nice, France, and
4
Department of Dentistry, Nice University Hospital, Nice, France
Abstract
Objective. Polypharmacy is a common cause of xerostomia. This study aimed to investigate whether xerostomia could be an
adverse drug event of mouthwashes, when they are used for longer than 2 weeks by patients taking polypharmacy.Materials
and methods. This cross-sectional observational study included 120 hospitalized patients (60 middle-aged and 60 elderly
patients), taking polypharmacy (‡4 drugs daily) and at risk of drug-induced xerostomia. Xerostomia was assessed by
questioning participants. Results. A total of 62.5% of patients complained of xerostomia. In the middle-aged group
(mean age = 44.0 (8.7) years; 35.0% women) xerostomia seemed independently associated to mouthwashes, at the limit
of signiﬁcance (OR = 5.00, 95% CI = 0.99–25.3, p = 0.052). Active principles in mouthwashes were mainly quaternary
ammonium compounds (91.9%). Mouthwashes may disturb the healthy balance of the bioﬁlm moisturizing the oral mucosa.
The bioﬁlm contains mucins, salivary glycoproteins with oligosaccharides side chains able to sequester water and endogenous
bacteria surrounded by a glycocalyx. Oral bacteria are fully susceptible to quaternary ammonium (chlorhexidine, hexetidine,
cetylpyridinium chloride) and to other antiseptics used in mouthwashes, such as betain, resorcin, triclosan, essential oils and
alcohol. However, caregivers currently recommend such dental plaque control products to patients suffering from xerostomia
in order to reduce the risk of caries and periodontitis. Conclusion. This study is the ﬁrst report that use of antiseptic
mouthwashes for more than 2 weeks could worsen xerostomia in patients taking polypharmacy. Oral care protocols should
avoid this iatrogenic practice, particularly when xerostomia alters the quality-of-life and worsens malnutrition.
Key Words: adverse drug event, bioﬁlm, iatrogenic disease, xerostomia
Introduction
Alterations of saliva physiology include xerostomia,
hyposalivation and altered saliva composition. Xer-
ostomia is a subjective feeling of oral dryness.
Mouth dryness is a term regarding dryness in the
oral cavity, objectively diagnosed by for instance a
dental mouth mirror sticking to the buccal mucosa
of the cheek due to dryness. Xerostomia varies
substantially between individuals [1,2]. According
to Glore et al. [3], dry mouth is not necessarily
related to decreased salivary ﬂow. Some patients
experience a feeling of oral dryness, despite seem-
ingly normal, objectively measured levels of saliva
secretion [4], whereas others do not complain about
dry mouth, despite objectively diagnosed hyposali-
vation [5]. However, most individuals experience a
sensation of oral dryness when their salivary output
is less than about half of the normal output in
health, but with great variation [2].
The prevalence of xerostomia reaches 10–20% in
the general population, primarily in women, and 50%
in the elderly [1,6]. Symptoms of mouth dryness
include a sensation of thirst, soreness and dryness
of the lips and oral mucosa [7,8]. It is associated with
an increased risk of caries, oral candidiasis, removable
denture intolerance, taste disturbance and pneumo-
nia, with a subsequent risk of eating difﬁculties,
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choking, loss of appetite and malnutrition [6,8–10].
Treatment protocols may include: general and local
hydration, saliva substitutes and lubricants, central
(pilocarpine, cevimeline) and local (sugar-free
chewing-gums and candies) secretagogues, antifungal
treatment, topical analgesics before meals, suppres-
sion or replacement of xerogenic drugs, dietary mod-
iﬁcation and/or dietary supplements and oral hygiene
reinforced with antiseptic oral care products. No
treatment or combination treatment is fully satisfac-
tory in combating xerostomia [1,2,11–13].
Common causes of xerostomia include dehydra-
tion, autoimmune (Sjögren’s syndrome) and endo-
crine (diabetes) diseases, hepatitis C virus (HCV)
infection and radiation therapy of head and neck
tumors [12,14,15]. Many commonly prescribed
medications are associated with the feeling of mouth
dryness, despite normal saliva production [1,2]. In
the elderly, the main cause of xerostomia is medica-
tion and, in particular, the use of ‡4–5 drugs per day
[2]. More than 500 medications are associated with
xerostomia, with special emphasis placed on psycho-
tropic drugs (anticholinergic drugs/atropinics, neu-
roleptics, tricyclic antidepressants, antipsychotics,
benzodiazepines), followed by anti-hypertensives,
diuretics, anti-neoplastics, opiates, bronchodilata-
tors, proton pump inhibitors, antihistamines and
others [6–9,16,17]. However, few medications
except for true anticholinergic drugs have been dem-
onstrated to affect salivary function and polyphar-
macy remains the most prevalent cause of mouth
dryness [4,14,16]. Actually, xerostomia is not listed
either among indications of antiseptic mouthwashes
or among their side-effects. However, we observed
that, in all the previous series investigating polyphar-
macy and xerostomia, no attention had ever been
paid to topical medications such as antiseptic
mouthwashes [2,16,17].
Antiseptic mouthwashes are efﬁcient against bac-
terial species colonizing the oral bioﬁlm and their use
must not exceed 2 weeks [18]. However, misuse of
antiseptic mouthwashes for longer than a 2-week
period is frequently reported by patients, with the
risk to unbalance the oral bacterial bioﬁlm coating
oral mucosa. Besides, the bioﬁlm contains salivary
and bacterial glycoproteins, the primary function of
which are to retain water [19].
Due to the absence of consensual treatment for
xerostomia [2,6], it might be necessary to combat
iatrogenic factors. We hypothesized that, in addi-
tion to low saliva secretion induced by systemic
drugs, mouth dryness could be worsened by
bioﬁlm alterations induced by local antimicrobial
medications.
The objective of the present work was to investigate
the link between xerostomia and the use of antiseptic
mouthwashes for a duration of time longer than
2 weeks, in patients taking polypharmacy.
Materials and methods
Study design and patients
This cross-sectional observational study included
120 patients from Nice University Hospital: 60 mid-
dle-aged patients (Mean age = 44 (8.7)) from the
Department of Infectious Diseases and 60 elderly
patients (Mean age = 84.5 (8.0)) from the Depart-
ment of Geriatrics. Patients recruited in the Infectious
Diseases Department suffered mainly from human
immunodeﬁciency virus (HIV) infection or HCV
chronic hepatitis. Patients recruited in the Geriatrics
Department suffered from various cardiovascular,
endocrine, psychiatric and other chronic disorders.
Both of these populations had a high probability to be
given polypharmacy. Such patients frequently com-
plained of xerostomia and exhibited mucosal dryness.
We enrolled consecutive patients seen at the Depart-
ment of Dentistry for routine dental examination. All
participants taking four drugs or more daily were
eligible for the study and there was no exclusion
criterion. All participants gave written informed con-
sent. The study was approved by the Clinical
Research Department of Nice University Hospital
and by the local Ethics Committee (May 6, 2013;
registration number 20100108).
Data collection
Themain variable was subjective xerostomia. Accord-
ing to the protocol described by Thomson et al. [20],
participants were asked the question ‘How often does
your mouth fell dry?’ with four possible answers:
‘Always’, ‘Frequently’, ‘Occasionally’ or ‘Never’.
Patients who answered ‘Always’ or ‘Frequently’
were considered as suffering from xerostomia.
Other data were obtained from patient interviews,
routine dental examinations and hospital medical
ﬁles. Collected data includes gender, age and com-
mon known associations with xerostomia: Sjögren’s
disease, dehydration, head and neck radiation ther-
apy, tobacco use, previous or current illicit drug
addiction, HIV or HCV infection, depressive disor-
ders, diabetes mellitus, Parkinson’s disease, number
of drugs taken per day and loss of appetite. Recent
non-voluntary weight loss and body mass index
(BMI: [mass in kg]/[height in m]2) were also noted.
Xerostomia and use of antiseptic mouthwashes for
longer than 2 weeks duration were recorded. Routine
oral parameters were charted: oral candidiasis (den-
ture stomatitis, acute stomatitis, erythematous stoma-
titis), oral pain, oral ulcerations, active dental caries,
edentulousness, removable denture(s) and mastica-
tory ability [21].
Patients’ medications were also recorded. Each
psychotropic agent was categorized as follows:
muscarinic antagonists (true anticholinergic/atropinic
268 M. Chevalier et al.
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drugs), adrenergic alpha-antagonists, opioid agonists,
serotonin 5-HT2 blockers, histamine H1 antagonists,
dopamine D2 receptors blockers or GABA-A recep-
tor agonists. Some were classiﬁed in more than one
category; for instance, risperidone is a selective
blocker of dopamine D2 receptors and serotonin
5-HT2 receptors and it was attributed to both cate-
gories. Other drugs were charted as follows: paracet-
amol, glucocorticoids, antibacterial agents, antifungal
agents, anti-HIV agents, diuretics, adrenergic beta-
blockers, angiotensin-converting enzyme inhibitors,
sodium potassium pump inhibitors, iron supple-
ments, calcium channel blockers, platelet aggregation
inhibitors, coumarin anticoagulants, heparin, proton
pump inhibitors, anti-diabetic agents, etc.
Data analysis
Analysis was performed separately for the middle-
aged patients group and for the elderly patients group,
using SAS statistical package, version 9.1.3 (SAS
Institute, Inc., Cary, NC). In univariate analysis,
the association between xerostomia and quantitative
parameters were assessed using Student’s t-test or
Wilcoxon test if Student’s t-test hypothesis was not
veriﬁed. Association between xerostomia and quali-
tative variables were assessed using the chi-square test
or Fisher’s exact test in case of small expected
frequencies.
Multivariate analysis was performed using logistic
regression. The analysis was adjusted on risk factors
known to be associated with xerostomia (‘woman’,
‘number of drugs taken per day’ and ‘use of psycho-
tropic drugs’) [1,2]. In addition, the variables asso-
ciated with p < 0.1 in the univariate analysis were
included in the multivariate model. Statistical signif-
icance was accepted at 5% (p £ 0.05).
Results
Patients of both groups were heavily medicated with
up to 18 drugs per day. Seventy-ﬁve out of the
120 patients (62.5%) suffered from subjective xeros-
tomia and 37 patients (30.8%) reported regular use of
antiseptic mouthwashes. They used them once or
more daily at home for more than 2 months and
they continued this habit during their hospitalization.
Most of the antiseptic mouthwashes contained
quaternary ammonium compounds (34/37: 91.9%):
chlorhexidine gluconate (n = 19, combined with
chlorobutanol, alcohol and levomenthol), hexetidine
(n = 12, combined with alcohol and menthol),
cetylpyridinium chloride (n = 3, combined with
chlorobutanol, eugenol, menthol and castor oil).
Other mouthwashes contained sodium bicarbonate
(n = 1), alcohol and anethole combined with other
essential oils (mint, cinnamon, clove and benzoin)
(n = 1) and salicylic acid combined with alcohol,
levomenthol, resorcinol and veratrol (n = 1). No
patient reported the use of antimicrobial oral care
products speciﬁcally designed for daily oral hygiene.
For the inclusive patients, no element in favour of
dehydration at the clinical or biological level was
noted in the medical record. In this study, we
observed only denture stomatitis and no acute or
erythematous stomatitis. However, we did not make
an oral sample in search of Candida.
The two groups of patients are described in Tables I
and II. In the group of middle-aged patients, risks
factors for xerostomia were as follows: younger age
(42.5 (9.4) years vs 46.5 (6.9) years; p = 0.08), woman
(46.0% vs 17.4%; p = 0.024), use of antiseptic
mouthwashes for a duration of time longer than
2 weeks (43.2% vs 17.4%; p = 0.039), tobacco use
(83.8% vs 60.9%; p = 0.046) and use of GABA
treatment (43.2% vs 17.4%; p = 0.039). In the group
of elderly patients, risks factors for xerostomia were as
follows: number of drugs taken per day (9.0 (2.9) vs
6.6 (3.2); p = 0.005), use of sodium potassium pump
inhibitors (36.4% vs 13.6%; p = 0.055) and use of
psychotropic drugs (57.9% vs 22.7%; p = 0.008).
In the group of middle-aged patients, multivariate
analysis showed an association between xerostomia
and the variable ‘use of antiseptic mouthwashes’, at
the limit of signiﬁcance (adjusted odds ratio
(OR) = 5.00, 95% CI = 0.99–25.3; p = 0.052)
(Table III). However, in the group of elderly patients,
the association between xerostomia and the variable
‘use of antiseptic mouthwashes’ was not statistically
signiﬁcant (OR = 1.70, 95%CI = 0.44–6.62; p = 0.44).
In the younger population, the multivariate model
included, in addition to the forced variables cited
above, the variable ‘age’ (year), ‘tobacco use’ (yes/
no) and ‘use of GABA treatment’ (yes/no). The
variable ‘use of GABA treatment’ was no longer
associated to xerostomia after adjustment (p = 0.53)
and did not modify the association between ‘use of
antiseptic mouthwashes’ and xerostomia, therefore
the variable was removed from the ﬁnal model. As
previously described, we observed in younger patients
an association between xerostomia and female gender
or tobacco. In this series, a younger age was also
associated to xerostomia.
In the group of elderly patients, multivariate anal-
ysis conﬁrmed a signiﬁcant association between xer-
ostomia and the number of drugs taken per day. The
multivariate model included, in addition to the forced
variables, the variable ‘use of sodium potassium pump
inhibitor’ treatment. This variable was no longer
associated to xerostomia after adjustment (p = 0.28)
and did not modify the association between ‘use of
antiseptic mouthwashes’ and xerostomia, therefore it
was removed from the ﬁnal model (Table III). In
elderly patients we only observed a tendency of asso-
ciation between xerostomia and psychotropic drugs
consumption (Table III).
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Discussion
This study showed that, in a population of hospital-
ized adults taking polypharmacy (mean age = 44), the
regular use of antiseptic mouthwashes was indepen-
dently associated to xerostomia. Despite a high prev-
alence of xerostomia in patients who are administered
polypharmacy (62.5% in the present series of 120 sub-
jects), antiseptic mouthwashes had never been
included in the list of the drugs associated with
xerostomia. Apart from antiseptic mouthwashes, in
the group of middle-aged patients we could not attri-
bute xerostomia to any speciﬁc medication or phar-
macodynamic pathway. Only 14 patients were given
true anti-cholinergic drug (muscarinic antagonists),
which was insufﬁcient to correlate these drugs to
xerostomia. These results are in line with those of
previous authors with larger series, who did not evi-
dence any association between xerostomia and xero-
genic medications, other than true anti-muscarinic
medications [3,16].
Many risk factors may be involved in xerostomia
and the present study faced several difﬁculties. First, it
is difﬁcult to validly and reliably assess the degree of
xerostomia [20,22]. Second, drugs classiﬁcation is
complex and we proposed a coding system based
on pharmacodynamic rather than therapeutic classes.
Finally, the present study was a cross-sectional study
and causality between the use of mouthwashes and
secondary mouth dryness or conversely the feeling of
mouth dryness and secondary use of mouthwashes
can be debated. However, a microbiological approach
would favor the ﬁrst hypothesis. Actually, antiseptic
mouthwashes efﬁciently ﬁght bacterial proliferation.
The impact of antiseptic mouthwashes on mouth
dryness could be explained by an unbalance of the
endogenous microbial bioﬁlm coating the oral
mucosa. Eliasson et al. [23] showed that a feeling
of xerostomia was related to a deﬁciency in minor
salivary gland secretions. Mucin-rich saliva moistens
the oral mucosal surfaces more efﬁciently than the
salivary ﬂows produced during meals by the parotid,
submandibular and sublingual glands. Salivary
mucins are glycoproteins with large oligosaccharides
side chains able to sequester water and lubricate the
oral mucosa [11]. They contribute to the extracellular
matrix of the oral bioﬁlm [24]. However, the healthy
bioﬁlm is also composed of bacteria, such as
Streptococcus salivarium, Streptococcus mitis, Rothia
mucilaginosa, Gemella haemolysans and Fusobacterium
nucleatum, themselves enveloped by glycoproteic
capsules or glycocalyx able to retain water [25,26].
These bacterial species are fully susceptible in vitro to
antiseptics commonly used in oral care products,
including quaternary ammonium, betain, resorcin,
triclosan, essential oils and alcohol [6]. Fluorides
also display antimicrobial properties against cario-
genic and other viridans streptococci [27,28]. The
unbalanced bacterial bioﬁlm can in turn be colonized
by Candida albicans [29], which is able to produce
secretory aspartyl proteinases (Sap2), speciﬁcally
known to disrupt mucins [30]. Use of antiseptic
mouthwashes for a duration of time of more than
2 weeks could, thus, initiate or worsen mouth dryness
by a direct action on the oral bioﬁlm. Consider-
ing these preliminary results, microbial bioﬁlm
analysis would help to understand whether use of
Table I. Description on the population included in the study.
Middle-aged group
(n = 60)
Elderly group
(n = 60)
Mean age, years 44.0 (8.7) 84.5 (8.0)
Women 21 (35.0) 43 (71.7)
Tobacco use 45 (75.0) 1 (1.7)
Previous or current illicit
drug addiction
26 (43.3) 1 (1.7)
HIV infection 41 (68.3) 1 (1.7)
HCV infection 41 (68.3) 1 (1.7)
Depressive disorders 29 (48.3) 13 (21.7)
Diabetes mellitus 2 (3.3) 10 (16.7)
Alzheimer’s disease 0 2 (3.3)
Parkinson’s disease 0 1 (1.7)
Sjögren’s syndrome 0 1 (1.7)
Dehydration 0 0
Head and neck radiation
therapy
0 0
Mean number of drugs
taken per day
5.2 (1.2) 8.1 (3.2)
Loss of appetite 22 (36.7) 28 (46.7)
Recent non-voluntary
weight loss
28 (46.7) 37 (61.7)
Mean Body Mass Index
(BMI), kg/m2
22.8 (4.1) 23.6 (4.5)
Subjective xerostomia 37 (61.7) 38 (63.3)
Use of antiseptic
mouthwashes >2 weeks
20 (33.3) 17 (18.3)
Oral candidiasis 8 (13.3) 1 (1.7)
Oral pain 13 (21.7) 12 (20.0)
Oral ulcerations 4 (6.7) 4 (6.7)
Active dental cariesa 25 (49.0) 1 (2.7)
Edentulousness
(no residual tooth)
9 (15.0) 23 (38.3)
Removable denture(s) 27 (45.0) 25 (41.7)
Mean masticatory
ability,b %
50.9 (31.5) 22.8 (30.6)
Results are expressed as mean (standard deviation) or number (%).
aThe percentage of active dental caries was calculated in dentate
patients only (51 younger and 37 elderly patients).
bMasticatory ability, expressed as a percentage, was recorded with-
out removable dentures: an index to quantify the couples of antag-
onistic teeth (100%: 32 healthy teeth; 0%: no couple of antagonistic
teeth).
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mouthwashes exacerbates xerostomia among persons
taking polypharmacy.
This study showed that hospital stay did not
prevent tobacco smoking and conﬁrmed that it
was a risk factor of xerostomia [31]. In parallel
with the present results, smoking could have sys-
temic and topical effects on xerostomia. It is possible
that the hospitalization contributes to reduce the
tobacco consumption but we have no quantiﬁed
data allowing us to compare before and after. The
results are given according to the answers of patients
and maybe under-estimated in particular for the sick
of the Department of Geriatrics.
Among elderly people (mean age = 85), we did
not ﬁnd a signiﬁcant link between complaints of
mouth dryness and the regular use of antiseptic
mouthwashes. The ﬁrst explanation was that elderly
patients were more heavily medicated than younger
patients (average = 8.2 drugs/day vs 5.2 drugs/day)
and the risk of xerostomia increases with the number
of drugs taken daily [2]. However, other causes of
mouth dryness among elderly could have been taken
in account, such as age-related saliva alterations and
mouth breathing [1,2]. Besides, elderly people in their
80s frequently suffer from swallowing problems. In
order to avoid choking, they are given crushed med-
icines or opened capsules mixed with food [32].
A topical antimicrobial action of active ingredients
on the oral bioﬁlm cannot be excluded to explain the
high prevalence of xerostomia among elderly patients
taking polypharmacy. This would be in line with
literature data, conﬁrmed by the present study, asses-
sing that the risk of dry mouth increases when patients
are prescribed four or more drugs per day, whatever
drugs are prescribed, except for true atropinic drugs
which have a clear pharmacodynamic action on sal-
ivary secretory cells [3,16]. In other words, topical
factors directly in contact with the oral mucosa, such
as tobacco smoking, alcohol (in drinks or in
mouthwashes), antiseptic mouthwashes or crushed
medicines, could be inducers of xerostomia by dis-
rupting the endogenous microbial bioﬁlm [31–33].
According to recommended regimens, the dura-
tion of use of antiseptic mouthwashes should not
exceed 2 weeks. However, in this study, many
patients used them as if they were common hygiene
products. They reported the ‘expectation of improv-
ing dry mouth symptoms’ or ‘slowing down the
progression of caries or periodontal diseases’. Anti-
septic mouthwashes are also commonly recom-
mended as daily oral care products to ﬁght mouth
dryness, dental caries and gingival inﬂammation in
hospitals or at home [6,12,27,28]. As far as xerosto-
mia may severely alter the quality-of-life of chroni-
cally ill or elderly patients [34–36], the use of
antiseptic mouthwashes should be taken into account
in patients taking polypharmacy.
In conclusion, patients and caregivers should be
aware that long-term, routine use of the most com-
mon mouthwashes might be harmful and increase the
risk of xerostomia, especially in patients taking poly-
pharmacy. These antimicrobial products should be
left aside and replaced by conventional oral hygiene
procedures whenever xerostomia worsens quality-of-
life or nutritional status, particularly with frail chron-
ically ill patients.
Table II. Drug treatment of the population included in the study.
Drug treatment
Middle-aged group
(n = 60)
Elderly group
(n = 60)
Muscarinic antagonists 7 (11.7) 7 (11.7)
Adrenergic alpha-antagonists 11 (18.3) 14 (23.3)
Opioid agonists 21 (35.0) 15 (25.0)
Serotonin 2 (5-hydroxy-
tryptamine 2, 5-HT2) blockers
5 (8.3) 9 (15)
Histamine 1 (H1) inhibitors 11 (18.3) 10 (16.7)
Dopamin 2 (D2) receptors
blockers
7 (11.7) 7 (11.7)
Gamma-amino-butyric acid -A
(GABA-A) receptor agonists
20 (33.3) 29 (48.3)
Paracetamol 2 (3.3) 37 (61.7)
Glucocoticoids 3 (5.0) 4 (6.7)
Antibacterial agents 8 (13.3) 4 (6.7)
Antifungal agents 4 (6.7) 3 (5.0)
Anti-HIV agents (non-
nucleosidic reverse
transcriptase inhibitors,
NNRTI)
13 (21.7) 0
Anti-HIV agents (nucleotidic
reverse transcriptase inhibitors,
NRTI)
37 (61.7) 0
Anti-HIV agents (protease
inhibitors, PI)
21 (35.0) 0
Diuretics 2 (3.3) 21 (35.0)
Adrenergic 1 beta-blockers 5 (8.3) 15 (25.0)
Angiotensin converting enzyme
(ACE) inhibitors
0 25 (41.7)
Sodium potassium pump
inhibitors (SPPI)
0 17 (28.3)
Iron supplements 1 (1.7) 9 (15.0)
Calcium channel blockers 0 13 (21.7)
Platelet aggregation inhibitors 2 (3.3) 13 (21.7)
Coumarin anticoagulants 2 (3.3) 8 (13.3)
Heparin 0 9 (15.0)
Proton pump inhibitors (PPI) 1 (1.7) 18 (30.0)
Antidiabetic agents 2 (3.3) 10 (16.7)
Psychotropic drugsa 17 (28.3) 27 (45.0)
Results are expressed as number (%).
aPsychotropic drugs: patients receiving muscarinic antagonists,
adrenergic alpha-antagonists, opioid agonists, 5-HT2 blockers,
H1 inhibitors, D2 receptor blockers and/or GABA-A receptor
agonists.
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Additional studies would be necessary on the bio-
ﬁlm in the case of xerostomia. Research and quanti-
ﬁcation of bacterial species of the healthy oral bioﬁlm
capable of maintaining hydration due to their glyco-
calyx such as Rothia mucilaginosa, Prevotella intermedia
orMicrococcus luteus would be particularly interesting.
Usually these bacterial markers are not isolated and
quantiﬁed in the studies on the oral mucosal ﬂora.
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CHAPITRE I – Avant-propos 
Résumé 
Les personnes âgées (PA) dépendantes souffrent souvent de pathologies chroniques et sont 
polymédiquées. Dans des établissements d'hébergement pour personnes âgées dépendantes 
(EHPAD), les résidents prennent en moyenne 6 à 8  principes actifs / jour (Source pôle Gérontologie, 
CHU de Nice) ce qui correspond à 10 à 20 prises de médicaments par jour. Mais 40 % des résidants 
ont des troubles de la déglutition ou des troubles du comportement : les soignants sont obligés 
d'écraser les comprimés et les gélules et de les donner mélangés dans une compote, un laitage, de 
l'eau gĠlifiĠe… Des oƌgaŶisŵes, Đoŵŵe ĐeƌtaiŶes OMEDIT oŶt puďliĠ uŶe liste des ŵĠdiĐaŵeŶts 
autorisés à être écrasés, car cette pratique peut modifier la pharmacocinétique de certains 
ŵĠdiĐaŵeŶts, et les ƌeŶdƌe iŶaĐtifs voiƌe toǆiƋues. L’hǇpothğse est Ƌue les ŵĠdiĐaŵeŶts ĠĐƌasĠs 
pourraient aussi modifier le goût des aliments. Cela pourrait entraîner un refus de manger et, outre 
l’iŵpaĐt ĐliŶiƋue liĠ à la ŶoŶ pƌise de ŵĠdiĐaŵeŶts,  ĐoŶtƌiďueƌ à l’aŶoƌeǆie et à la dĠŶutƌitioŶ des 
ŵalades âgĠs. L’'aspeĐt gustatif de Đette pƌatiƋue a peu ĠtĠ ĠvaluĠ. PouƌtaŶt, la dĠŶutƌitioŶ 
augmente les risques d'infections, de chutes, de fractures, d'escarres, de dépression et la 
dépendance. Cette étude a pour but d'améliorer la qualité de vie des personnes âgées dépendantes 
au moment des repas, d'aider familles et soignants à lutter contre l'anorexie et la dénutrition tout en 
renforçant la qualité et la sécurité de la prise en charge médicamenteuse des PA. 
Type d’Ġtude : il s’agit d’uŶe Ġtude oďseƌvatioŶŶelle de Đohoƌte, aveĐ uŶ test hĠdoŶiƋue, desĐƌiptif, 
en une séance, pour tester le goût de 10 médicaments écrasés daŶs de l’eau gĠlifiĠe et de la 
compote de pomme.  
Objectif principal : identifier chez des volontaires sains, sur le volet gustatif, quels médicaments il est 
aĐĐeptaďle ou dĠĐoŶseillĠ d’ajouteƌ uŶe fois ĠĐƌasĠs ou ouverts dans les aliments.  
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Matériels et Méthodes :  
Volontaires participant à l’Ġtude. Les évaluateurs seront 16 volontaires sains : 8 professionnels de la 
restauration, des arômes alimentaires, de la nutrition et de la diététique, et 8 médecins, 
pharmaciens, chirurgiens-dentistes, infirmiers et/ou aides-soignants du CHU de Nice. 
Critğres d’inclusion : adultes volontaires en bonne santé, sans allergie connue aux 10 médicaments à 
tester. 
Critğres d’Ġvaluation :  
1) quantitatif : note de 0 (pas bon) à 10 (bon : pas de goût ou de gġŶe paƌtiĐulieƌsͿ pouƌ l’eau gĠlifiĠe 
et la compote et  
2) qualitatif : desĐƌiptioŶ de l’aƌôŵe peƌçu ;aĐide, aŵeƌ, suĐƌĠ, salĠ, astƌiŶgeŶt, piƋuaŶt, 
aƌoŵatiƋue…Ϳ.  
16 volontaires sains ont testé les 10 médicaments les plus prescrits dans les EHPAD du 
gƌoupe KoƌiaŶ et ideŶtifiĠs Đoŵŵe pouvaŶt ġtƌe ĠĐƌasĠs ou ouveƌts, eŶ pƌĠseŶĐe d’uŶ 
ŵĠdeĐiŶ uƌgeŶtiste et d’uŶ toǆiĐologue ;goûteurs). Les médicaments ont été écrasés dans de 
l’eau gĠlifiĠe et de la compote : 10 médicaments séparés, 1 mélange de 6 et 1 comparateur 
(eau gélifiée et compote non modifiées). Chaque volontaire réalisa ces 24 tests en aveugle et 
a rempli uŶe feuille de ƌĠsultats. Il ƌeĐƌaĐheƌa et se ƌiŶĐeƌa la ďouĐhe aveĐ de l’eau eŶtre 
deuǆ tests ; la dose susĐeptiďle d’ġtƌe iŶgĠƌĠe seƌa d’eŶviƌoŶ ϭ/5ϬϬğŵe d’uŶe dose uŶitaiƌe. 
EǆĐeptĠ uŶ ƌisƋue d’alleƌgie, le ƌisƋue ŵĠdiĐal est doŶĐ ŶĠgligeaďle pouƌ les goûteuƌs. La 
levĠe de l’aveugle auƌa lieu iŵŵĠdiateŵeŶt apƌğs la fiŶ du test. 
Résultats :  
En faisant la moyenne des deux supports (eau gélifiée et compote), les notes les plus basses 
ont été attribuées au mélange de paracétamol, alprazolam, furosémide, lévothyroxine 
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sodique, mémantine et zopiclone (1,5 + 1,6 ; 0 à 5), suivi du zopiclone (1,9 + 2,3 ; 0 à 8) ; du 
clopidogrel (4,3 + 2,1 ; 1 à 7) et du paracétamol (4,6 + 1,8 ; 1 à 8). Tous ces médicaments ont 
pƌovoƋuĠ uŶe seŶsatioŶ d’aŵeƌtuŵe tƌğs dĠsagƌĠaďle et peƌsistaŶte. Le zopiĐloŶe, 
notamment, seul et mélangé à l'eau gélifiée, a été qualifié "d'immangeable, insupportable, 
inacceptable, très mauvais, très désagréable, terrible, pas supportable, impossible à manger, 
pas possible".  
L’eau gĠlifiĠe et la Đoŵpote saŶs ŵĠdiĐaŵeŶt, utilisĠes Đoŵŵe ĐoŶtƌôle, oŶt ĠtĠ goûtĠes de 
façon aléatoire au milieu des autres verrines, et notées  respectivement 6,7 + 1,4 (4 à 9) et 
7,1 + ϭ,ϭ ;5 à 9,5Ϳ. Cela ŵoŶtƌe Ƌu’uŶ aliŵeŶt « normal » peut sembler mauvais après la 
prise de médicaments écrasés. Enfin, les autres notes ont varié de 6,1 à 7,9 pour 
l’alpƌazolaŵ, le ƌaŵipƌil, l’oǆazĠpaŵ, la lĠvothǇƌoǆiŶe sodiƋue, le doŶĠpĠzil et le fuƌosĠŵide. 
Conclusion : 
Le goût amer de certains médicament peut être insupportable, quand ils sont écrasés et 
mélangés dans de la nourriture. La pire expérience a été le mélange de 6 médicaments. Mais 
il existe des différences d'appréciations importantes d'une personne à l'autre et d'un 
principe actif à l'autre. Idéalement, il faudrait organiser des ateliers du goût, pour que 
chaque patient puisse tester séparément chaque médicament de sa prescription. Les 
soignants devraient éviter de mélanger un médicament qui a un mauvais goût avec d'autres 
médicaments, parce que cela provoque la non-observance de l'ensemble de la prescription 
et un refus de l'aliment, voire du repas. Si le mauvais goût d'un médicament écrasé 
provoque le refus du médicament, les infirmiers et les aides-soignants devraient en informer 
le médecin prescripteur et le pharmacien qui délivre les médicaments, afin qu'ils trouvent 
des solutions alternatives (arrêt du médicament ou substitution par un autre principe actif 
ou une autre forme galénique ; « pause » sans médicament au repas de midi). Les soignants 
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pourraient aussi proposer au patient d'autres aliments, par exemple plus sucrés (une cuillère 
de confiture) ou d'autres conditions d'administration (sous un plus petit volume, à la fin du 
repas...). A moyen terme, les laboratoires pharmaceutiques pourraient développer des 
formulations galéniques adaptées aux personnes âgées, comme ils le font déjà pour les 
enfants 
 
 
 
1Introduction
Elderly people frequently suffer from chronic diseases and 
are consequently often polymedicated. In nursing homes and 
geriatric hospital wards, they are administered a daily average 
of 6 to 8 drugs, corresponding to 6 to 20 tablets, pills or 
capsules (1). The prevalence of dysphagia increases with 
age: at least 15% of the elderly population and over 50% of 
residents in nursing homes are affected by dysphagia due 
to stroke, cancer, Parkinson’s disease, Alzheimer’s disease, 
Sjögren’s syndrome and some medications that can cause 
xerostomia. Dysphagia increases the risk of aspiration 
pneumonia. The consequent beverage and food refusal can 
lead to dehydration, anorexia, malnutrition and potentially even 
death. As a precaution, these patients are often given blended 
food (2). Nursing staff is also obliged to crush tablets, to open 
capsules, and to mix drugs into textured food, frequently made 
with blenders.
Crushing drugs can induce chemical (e.g. oxidization, 
acid-basic interaction) and pharmacologic problems (such as 
with gastro-resistant tablets) (3). Listing of drugs authorized 
for crushing and consensual recommendations for their 
administration have been published by several groups of 
experts (4, 5). According to recommendations: (1) physicians 
should limit drug prescription, (2) pharmacists should propose 
alternative formulation such as oral drops whenever possible, 
and (3) nurses should only crush authorized drugs, they should 
TASTE OF TEN DRUGS FREQUENTLY PRESCRIBED IN NURSING HOMES 
CRUSHED AND MIXED IN FOOD: OBSERVATIONAL STUDY IN 16 HEALTHY 
VOLUNTEERS
J. LAMURE1,2, P. BROCKER3, S.M. SCHNEIDER4, R. COLLOMP5, F. BERTIN-HUGAULT6,  
P. DENORMANDIE7, I. PRÊCHEUR1,2,3
1. Department of Dentistry, Nice University Hospital, Nice, France; 2. Micoralis Laboratory, Faculty of Dentistry, University of Nice Sophia Antipolis, Nice, France; 3. Department 
of Geriatrics, Nice University Hospital, Nice, France; 4. Department of Nutrition, Nice University Hospital, Nice, France; 5. Pharmacy, Nice University Hospital, Nice, France; 6. 
Department of Geriatrics, Assistance Publique Hôpitaux de Lyon, Lyon, France; 7. Institut du bien vieillir Korian, Groupe Korian, Paris, France. Corresponding author: J. Lamure, 
Micoralis Laboratory, Faculty of Dentistry, 24 avenue des Diables Bleus, 06357 Nice cedex 4, France. Tel.: +33 4 92 00 11 00. E-mail address: drjulielamure@gmail.com
 
Abstract: Background & Aims: Many frail elderly patients are polymedicated. Whether they suffer from 
dysphagia (due to stroke, Parkinson’s disease, etc.) or cognitive troubles (due to Alzheimer’s disease, etc.), they 
are often given blended food, with drugs crushed and mixed into the food. Health Authorities recommend to 
crush and to administrate crushed drugs separately, for pharmacologic reasons, but the drugs are usually mixed 
together to facilitate ease of case by nursing staff. Crushed drugs can have a bad taste, leading to drug / food 
refusal, worsening malnutrition, but this qualitative aspect has been scarcely studied in geriatric populations. 
The present study aimed to evaluate the taste of the ten drugs most frequently prescribed in nursing homes, in 
order to determine which drugs are acceptable or not when crushed and mixed into food. Methods: This one-
step observational study was designed like a food or wine tasting. A jury of healthy volunteers was recruited 
among medical staff (8 volunteers) and other people involved in food and gastronomy (8 volunteers, including 
a starred Chef). Every tablet or capsule was mixed into 100 mL of berry-flavored jelly or apple sauce. It was 
a blind tasting of 24 verrines, containing the ten drugs randomly distributed, a control without drug and a 
combination of the 6 top-list drugs. Twelve jelly verrines were followed by 12 apple sauce verrines. Tasters spat 
the spoonful content out after they had assessed its taste. Each verrine was scored from 0 (bad taste) to 10 (good). 
Qualitative and free comments were also recorded. Results: The lowest scores were attributed to the combination 
of paracetamol, alprazolam, furosemide, levothyroxine sodium, memantine and zopiclone (1.5 + 1.6; 0 to 5), 
followed by zopiclone (1.9 + 2.3; 0 to 8), clopidogrel (4.3 + 2.1; 1 to 7) and paracetamol (4.6 + 1.8; 1 to 8). 
All these drugs had a long-lasting bitterness. Zopiclone mixed and alone was qualified as unbearable and one 
participant exhibited nausea by taking it. Five participants did not take lunch after the study for lack of hunger 
(5/16: 31.3 %). Drug-free jelly and apple sauce were scored 6.7 + 1.4 (4 to 9) and 7.1 + 1.1 (5-9.5), respectively. 
Other scores ranged from 6.1 to 7.9, for alprazolam, ramipril, oxazepam, levothyroxine sodium, donezepil and 
furosemide. Conclusions: The taste of some drugs may be unbearable when they are crushed and mixed into 
food, and caregivers should avoid mixing a bad-tasting drug with the other drugs. There are wide differences of 
taste acceptability from one person to another. Thus, during workshops, every patient could taste once separately 
any single drug in his prescription list. If a bad taste leads to drug refusal, caregivers should inform physicians 
and pharmacists, who in turn should seek alternative medical solutions (drug discontinuation or substitution). 
Caregivers could also seek alternative food or administration conditions. On a mid-term basis, pharmaceutical 
companies should also develop specific pharmaceutical forms, as they do for children.
Key words: Food-drug interactions, frail elderly, malnutrition, swallowing disorders, taste.
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do so separately just before administration and they should mix 
them into separated food servings (3). Usually, nurse’s aides 
are charged with giving both food and drugs to patients, and so 
this task often falls on them. Soft/liquid and sweet food under a 
small volume is generally preferred, such as jelly, apple sauce 
or dairy products (100 to 125 mL/serving).  
In nature, many poisons are alkaloids stimulating bitter taste 
receptors, and bitterness mediates an aversive response to toxic 
food (6). Many drugs have a bitter taste, too, and when they are 
crushed into food, there is a risk of developing food aversion. 
But the sensorial aspect of crushing drugs has scarcely been 
studied in geriatric populations. Published studies focus mainly 
on anti-inflammatory medicines (prednisolone, diclofenac), 
antimalarial medicines (mefloquine, artemether, lumefantrine) 
and antihypertensives (amlodipine, candesartan, etc.), generally 
involving pediatric patients (5–12)
The present study aimed to evaluate the taste of the ten 
drugs most frequently prescribed in nursing homes, in order 
to determine which drugs are acceptable or not when crushed 
into food, from a sensorial point of view. The medical 
objective is to limit drug refusal and anorexia. The study was 
designed like any food or wine tasting, with a jury of healthy 
volunteers recruited among medical staff (eight volunteers) 
and other people involved in food and gastronomy field (eight 
volunteers).  
Material and methods
The study was a one-step observational study carried out in 
June 2014 in the Department of Clinical Research of the Nice 
University Hospital. It was a phase I study with a cohort of 
16 volunteers (Table 1). Investigators and participants were 
unpaid. Participants were recruited by the investigators in 
professional and personal settings. Non-inclusion criteria were 
untreated severe disease, allergy to any of the drugs to be 
tested, age over 70, pregnancy or breast-feeding. Current drug 
prescription was not an exclusion criterion. The morning of 
the study, just before the test session, the main investigator 
in charge of the study performed medical consultations and 
obtained written informed consent from all of the participants. 
They were given an emergency hospital phone number 
available night and day for a one-week follow-up, if necessary.
The ten drugs tested were selected as the top-list of the drugs 
prescribed in 2013 in the 596 nursing homes of the Groupe 
Korian, in France, Germany, Italy and Belgium. Only tablets 
or capsules with crushing authorization were selected (4, 5) 
. Whenever applicable, the lowest dosage was selected. The 
drugs were provided by the hospital pharmacy. Every tablet or 
capsule was mixed into 100 mL of berry-flavored jelly (Valade, 
France) or apple sauce (Andros, France). A volume of 5 mL 
of each preparation was distributed in small transparent plastic 
cocktail cups (verrines) and served with 1 mL-containing 
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Table 1
Taste of ten crushed drugs: scores attributed by the 16 volunteers
Participant : profession (gender) Drug taste : mean score  
into jelly a
Drug taste : mean score into 
apple sauce b
Drug taste : general score c
Psychologist (W d) 3.9 + 2.2 (0-6) 5.2 + 3.1 (0-8) 4.5 + 2.7 (0-8)
Dermatologist (M e) 4.2 + 2.9 (0-8) 4.8 + 3.6 (0-9) 4.5 + 3.2 (0-9)
Geriatrician (M) 4.5 + 2.4 (0-8) 5.1 + 2.6 (0-7) 4.8 + 2.5 (0-8)
Dental surgeon (M) 4.6 + 2.3 (0-8) 5.5 + 1.6 (2-7) 5.0 + 2.0 (0-8)
Nurse’s aide (M) 4.7 + 1.7 (0-6) 5.3 + 2.5 (0-8) 5.0 + 2.1 (0-8)
Retired pensioner (M) 4.3 + 1.6 (2-8) 6.1 + 1.7 (2-7) 5.2 + 1.9 (2-8)
Medical nutrition company worker (M) 5.6 + 2.1 (2-8) 5.2 + 2.3 (3-8) 5.4 + 2.2 (2-8)
Medical nutrition company worker (W) 5.7 + 2.1 (1-7) 5.6 + 2.4 (1-8) 5.6 + 2.2 (1-8)
Starred Chef (M) 6.0 + 1.9 (1-7) 5.8 + 2.6 (1-8) 5.9 + 2.2 (1-8)
Geriatrician (W) 5.3 + 3.0 (0-9) 6.4 + 3.4 (0-9) 5.9 + 3.2 (0-9)
Wedding planner (W) 6.3 + 2.3 (2-8) 5.6 + 2.5 (2-9) 6.0 + 2.4 (2-9)
Nutritionist (M) 5.1 v 2.0 (0-7) 6.9 + 3.1 (0-10) 6.0 + 2.7 (0-10)
Pharmacist (M) 6.3 + 2.1 (1-8)
Dental surgeon (W) 6.3 + 3.5 (1-10) 6.2 + 3.4 (1-10) 6.3 + 3.4 (1-10)
Nursing home administrative assistant (W) 7.4 + 1.2 (5-8) 7.5 + 1.0 (5-8) 7.4 + 1.1 (5-8)
Retired pensioner (W) 7.3 + 1.1 (5-8) 7.6 + 1.0 (5-8) 7.5 + 1.0 (5-8)
a,b,c Scoring ranged from 0 (bad taste) to 10 (good taste): mean score, standard deviation and extreme values attributed to the 12 verrines containing jelly a, to the 12 verrines contai-
ning apple sauce b  and to the 24 verrines (jelly and apple sauce) c ; d W: women; e M: men
disposable coffee spoons. We assumed that each volunteer 
would taste two spoons of each mixture, corresponding to 1/50 
of every tablet or capsule. After mouth rinse with flat bottled 
water (Evian, France), the residual quantity of food available 
for swallowing was estimated to 0.1 mL. The residual quantity 
of drugs available for swallowing was thus evaluated to 1/500 
of every drug/verrine tasted. There was a blind tasting of 24 
verrines, containing ten drugs, a control without drug and a 
combination of the 6 top-list drugs, corresponding to 12 jelly 
verrines followed by 12 apple sauce verrines. After tasting, 
tasters spit out the spoonful contents into a disposable plastic 
cup. The protocol was approved by the local Ethics Committee 
and registered by Health Authorities under Eudract n° 2013-
003461-34.
This pilot study involved mostly non-professional food 
tasters. The investigation was limited to 16 participants, as 
it was a descriptive study without group comparison and no 
minimal number was required for statistical analysis. The main 
outcome assessment was a score attributed to each verrine 
containing crushed drugs or negative controls, ranging from 
0 (bad taste) to 10 (good taste). The results were expressed 
as a mean score and standard deviation calculated for the 16 
volunteers. Secondary outcomes were a tentative attribution 
to common flavors (sugary, sweet, sour, bitter, salty, 
astringent, prickling, aromatic, etc.) and free comments (6). All 
participants were recalled for possible post-study comments.
The order of drug serving was randomized in two blocks 
(jelly and apple sauce). Each verrine was assigned a number 
ranging from 1 to 24, beginning with jelly (1-12) and ending 
with apple sauce (13-24). The drugs were crushed and mixed 
by a nurse of the Clinical Research Department in a separate 
room. Participants were blinded to verrines contents and 
were not allowed to voice their tasting evaluation aloud. Each 
mouthful was spat into a disposable opaque plastic cup. In 
addition to bottled water, participants were offered white bread 
and green apples to clean their mouth between verrines, as with 
wine and food tasting protocols.
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Table 2
Taste of ten drugs crushed and mixed into jelly or apple sauce
Drug tested  (brand 
name)
Formulation Main indication Drug taste: mean score 
in jelly a
Drug taste : mean 
score in apple sauce b
Drug taste : general 
score c
Combination of 6 
drugs: paracetamol, 
alprazolam, furosemide, 
levothyroxine, 
memantine, zopiclone
1.5 + 1.6 (0-5) 1.5 + 1.6 (0-5) 1.5 + 1.6 (0-5)
Zopiclone (Imovane®) Film-coated tablet 3.75 mg Hypnotic, related to 
benzodiazepines
2.5 +2.1 (0-8) 1.9 + 2.3 (0-8) 2.2 + 2.2 (0-8)
Clopidogrel (Plavix®) Film-coated tablet 75 mg Anti-platelet 4.3 + 2.1 (1-7) 4.6 + 2.2 (1-9) 4.5 + 2.1 (1-9)
Paracetamol 
(Doliprane®)
Capsule 500 mg Analgesic 4.6 + 1.8(1-8) 5.8 + 2.1 (1-8) 5.2 + 2.0 (1-8)
Alprazolam 
(Alprazolam Mylan® 
generic of Xanax®)
Tablet 0.25 mg Anxiolytic 
benzodiazepine
6.4 + 1.4 (4-9) 6.7 + 1.3 (4-9) 6.5 + 1.4 (4-9)
Ramipril (Triatec®) Film-coated tablet 1.25 mg Antihypertensive, 
angiotensin converting 
enzyme inhibitor 
7.2 + 1.4 (4-10) 6.7 + 2.1 (1-10) 7.0 + 1.7 (1-10)
Oxazepam (Seresta®) Tablet 50 mg Anxiolytic 
benzodiazepine
6.4 + 1.8 (3-9) 6.9 + 1.6 (3-10) 6.6 + 1.7 (3-10)
Control Plain jelly or apple sauce 6.7 + 1.4 (4-9) 7.1 + 1.1 (5-9.5) -
Memantine (Ebixa®) Film-coated tablet 20 mg Proposed against 
Alzheimer’s disease
6.1 + 1.5 (4-9) 7.2 + 1.1 (5-9) 6.6 + 1.4 (4-9)
Levothyroxine sodium 
(Levothyrox®)
Tablet 25 µg Thyroid hormone 6.8 + 1.5 (4-9) 7.4 + 1.3 (5-10) 7.0 + 1.4 (4-10)
Donepezil (Aricept®) Film-coated tablet 5 mg Acetycholinesterase 
inhibitor proposed 
against Alzheimer’s 
disease
6.2 + 1.6 (3-8) 7.4 + 1.0 (6-9) 7.4 + 1.0 (3-8)
Furosemide (Lasilix®) Tablet 20 mg Antihypertensive, loop 
diuretic
7.0 + 1.2 (5-10) 7.9 + 1.1 (6-10) 7.5 + 1.1 (6-10)
a,b,c Scoring ranged from 0 (bad taste) to 10 (good taste): mean score, standard deviation and extreme values attributed to the 12 verrines containing jelly a, to the 12 verrines 
containing apple sauce b  and to the 24 verrines (jelly and apple sauce) c
Results
Sixteen participants eligible for the study were recruited 
from Nice (France) and Monaco (Principality of Monaco). The 
cohort was comprised of four physicians (two geriatricians, 
a nutritionist and a dermatologist), a pharmacist, two dental 
surgeons, a nurse’s aide, a psychologist, a Michelin starred 
Chef, a wedding planner, a nursing home administrative 
assistant, two retired pensioners and two members of a 
company specializing in oral nutritional supplements. The 
pharmacist had to leave the protocol following the first half of 
the study (immediately following the jelly test portion) because 
of professional reasons. There were nine men and seven 
women, aged 27 to 69. As for a formal tasting, participants 
were asked to avoid morning coffee or tea as well as perfumed 
cosmetics before the test. In order to preserve their anonymity, 
they were not introduced to each other. The drug tasting lasted 
from 9 to 10:30 in the morning. The mean scores attributed by 
the 16 volunteers are detailed in Table 1.
The randomized order of tasting in jelly was as follows: 
ramipril, alprazolam, combination of six drugs, zopiclone, 
paracetamol, furosemide, levothyroxine sodium, memantine, 
oxazepam, clopidogrel, negative control (jelly) and donezepil. 
There was a 5 min pause between the tasting of jelly and apple 
sauce verrines. The randomized order of tasting in apple sauce 
was as follows: furosemide, clopidogrel, donezepil, memantine, 
negative control (apple sauce), paracetamol, oxazepam, 
levothyroxine sodium, alprazolam, combination of six drugs, 
zopiclone and ramipril. The lowest scores were attributed to the 
combination of six drugs, followed by zopiclone, clopidogrel 
and paracetamol. The scores attributed to the ten drugs are 
detailed in Table 2. 
Qualitative evaluation is detailed in Table 3 and 4. Table 3 
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Table 3
Qualitative evaluation of ten crushed drugs: number of positive qualifier on the taste
Drugs tasted Crushed into Sugary Aromatic Sweet Good Total
Combination of 6 drugs a jelly 0 0 0 0 0
Combination of 6 drugs  a apple sauce 1 0 0 0 1
Zopiclone jelly 1 0 0 0 1
Zopiclone apple sauce 1 0 0 0 1
Clopidogrel apple sauce 2 1 0 0 3
Clopidogrel jelly 4 2 0 1 7
Paracetamol jelly 4 1 2 1 8
Ramipril apple sauce 7 2 0 0 9
Alprazolam apple sauce 8 2 0 0 10
Paracetamol apple sauce 7 3 0 0 10
Control apple sauce 9 2 1 0 12
Levothyroxine sodium apple sauce 9 2 1 0 12
Memantine jelly 7 1 0 4 12
Control jelly 5 1 1 6 13
Alprazolam jelly 8 3 2 1 14
Oxazepam apple sauce 9 4 1 0 14
Donezepil jelly 6 3 1 5 15
Furosemide apple sauce 10 2 1 2 15
Oxazepam jelly 9 1 0 5 15
Donezepil apple sauce 11 3 2 0 16
Memantine apple sauce 10 2 2 2 16
Levothyroxine sodium jelly 7 3 3 4 17
Furosemide jelly 12 2 3 1 18
Ramipril jelly 10 6 4 4 24
Total 157 46 24 36 263
a. Combination of six drugs: paracetamol, alprazolam, furosemide, levothyroxine sodium, memantine, zopiclone
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and 4 record how many times each qualifier was mentioned on 
the record cards, either as a positive (pleasant) or a negative 
(unpleasant) comment. In addition to the score, some drugs 
were attributed qualitative comments. Quantitative (Table 2) 
and qualitative (Table 3 and 4) evaluations allowed similar 
ranking of the drugs, as regards the pleasure (or lack thereof) 
to taste them. The psychologist recorded that she almost 
experienced nausea by taking the verrines containing zopiclone 
alone in jelly as well as combined with other medications in 
jelly, but not into apple sauce. Nearly one third of participants 
(5/16 or 31.3%) did not wish to take lunch after the study 
because of anorexia. There were no other side effects reported 
during the week following the study. The words «unedible, 
unbearable, unacceptable, very bad, very unpleasant, terrible, 
not bearable, impossible to ingest, no way» were used to 
describe the bitterness and long-lasting bitter taste of zopiclone, 
alone and combined with other drugs. Clopidogrel and 
paracetamol also had negative comments, but not as severe.
 
Discussion
The key result of this study was the wide difference 
of taste among the ten crushed drugs tested. One crushed 
drug had an unbearably strong and long-lasting bitterness 
(zopiclone), and two others had a very pronounced bitterness 
(clopidogrel, paracetamol). A combination of six drugs 
containing both zopiclone and paracetamol elicited the worst 
response. Conversely, the seven other drugs tested were scored 
from acceptable to good (alprazolam, ramipril, oxazepam, 
memantine, levothyroxine sodium, donezepil and furosemide). 
Short or long-lasting bitterness were the main concerns, but 
unpleasant tastes such as salty, prickling, astringent and sour 
Table 4
Qualitative evaluation of ten crushed drugs: number of negative qualifier on the taste
Drugs tasted Crushed into Salty Prickling Astringent Sour Bitter Persistent Total
Clopidogrel jelly 2 1 2 3 11 7 26
Combination of 6 drugs a jelly 1 1 2 4 14 3 25
Combination of 6 drugs a apple sauce 1 2 2 4 10 4 23
Zopiclone jelly 1 1 0 2 14 3 21
Zopiclone apple sauce 1 1 1 1 13 4 21
Clopidogrel apple sauce 0 0 0 4 9 3 16
Alprazolam jelly 0 2 3 2 6 0 13
Paracetamol jelly 2 1 2 2 3 0 10
Paracetamol apple sauce 0 1 1 2 6 0 10
Ramipril apple sauce 0 0 1 2 4 1 8
Mémantine jelly 1 2 0 0 4 0 7
Alprazolam apple sauce 0 0 0 0 6 0 6
Mémantine apple sauce 0 0 2 1 1 2 6
Control apple sauce 0 2 1 1 0 0 4
Donezepil apple sauce 0 0 1 2 1 0 4
Oxazepam jelly 0 1 0 0 2 1 4
Oxazepam apple sauce 0 0 0 1 2 1 4
Donezepil jelly 0 0 0 2 1 0 3
Ramipril jelly 1 1 0 0 1 0 3
Control jelly 0 0 0 1 1 0 2
Furosemide apple sauce 0 0 0 2 0 0 2
Levothyroxine sodium jelly 0 0 0 1 1 0 2
Furosemide jelly 0 0 0 0 0 0 0
Levothyroxine sodium apple sauce 0 0 0 0 0 0 0
Total 10 16 18 37 110 29 220
a. Combination of six drugs: paracetamol, alprazolam, furosemide, levothyroxine sodium, memantine, zopiclone
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were also reported. There was a huge variability between drugs, 
but also, though in a lesser way, between users. The qualitative 
evaluation, detailed in Table 3 and 4, is not really relevant in 
this study. However the qualitative description of the taste is 
part of regular tasting session protocols and had to be done 
in this study in order to be complete. We won’t do further 
investigations on qualitative descriptions.
Being a pilot study, this work suffered from several 
biases and inaccuracies. Among these was the limited 
number of participants; the bitter drugs probably altered 
the taste perception of the subsequent verrines; a series of 
24 consecutive tests was probably excessive; the crushed 
drugs were mixed only into jelly and apple sauce but not in 
dairy products; a 5-point scale or less could have been more 
reliable; etc. (7–10). In 2014, Uestuener et al. (10) designed a 
protocol to taste acceptability of amlodipine and candersartan. 
According to these authors, there was no taste difference 
between pulverized brand-name and generics. The participants 
were health care professionals, including 19 nurses and 12 
physicians (10). The originality of the present study was to 
involve people working in the field of food and gastronomy in a 
pharmacological study. All in all, this study was unpleasant but 
safe for participants and, in addition to zopiclone, clopidogrel 
and to a lesser extent paracetamol, other drugs with a bad taste 
could be identified. Last, age and disease are known to induce 
taste modifications (1–3), and therefore reports from healthy 
volunteers may not match results in the target population. 
Despite recommendations, it is commonly observed that 
several drugs are crushed together and administered in the same 
food (3). Actually, a single drug with a bad taste can induce 
patient’s refusal, leading to non-compliance with the entire 
regimen, followed by meal refusal, anorexia and malnutrition. 
In turn, malnutrition increases the risk of infections, falls, bed 
sores and depression, the length of hospital stay and loss of 
autonomy and thus increases drugs consumption (11). Several 
approaches could be possible to combat against this situation.
The first approach would be to limit polymedication 
whenever possible. In an elderly population, the identification 
of drugs with a bad taste could also be a first-line measure. The 
use of taste sensing technology could aid in the design of new 
drug formulations with better tastes, but technology cannot 
replace individual evaluation (12). A questionnaire related to 
appetite, hunger and sensory perception might not be a reliable 
tool in a geriatric population, due to the high prevalence of 
cognitive impairment (13). Due to the huge variability that we 
observed between participants and between drugs, it appears 
necessary for dysphagic elderly person to sample each drug in 
his/her prescription list, in order to identify unacceptable drugs. 
In case of cognitive troubles, nurse’s aides are used to interpret 
patients’ body language for food refusal and this approach 
would likely be easier than to find alternative solutions for an 
entire prescription list. Drug tasting could be scheduled among 
other workshops, organized by family members, dieticians or 
psychologists, for instance.
Physicians and pharmacists are not always aware of the 
difficulties encountered by nurses, nurse’s aides or family 
members in the administration of medications. The present 
study may help promote communication, and caregivers should 
inform physicians and pharmacists of drug refusal. In some 
cases, blended food can be considered as a real mistreatment 
(14). In the present study, the free comments of several 
participants revealed that the addition of bad-tasting drugs into 
blended food could be considered as another mistreatment and 
should be avoided.
In case of drug refusal, physicians and pharmacists might 
provide a range of alternative solutions. Attention should be 
focused on the problematic drug, while other medications might 
be well tolerated. Medical solutions could be: (1) discontinuing 
the drug, (2) if they are available, the prescription of alternative 
molecules with a better taste, or (3) the prescription of other 
dosing formulations (pediatric formulation, powder, liquid, 
suppository, patch, sustained-release formulation, etc.) (3, 
15–19).
Dietary supplements, such as apple sauce vs. jelly (Table 
1-4) may help make molecules more palatable. Jam, yogurts 
or other dietary products may be valuable alternatives. Sugar 
seems consensual to mask bitterness [20], but a frequent limit 
is diabetes mellitus. There is also an increased risk of dental 
caries, particularly with patients who are given polypharmacy 
and who frequently suffer from drug-induced xerostomia. 
Zopiclone, for instance, is a hypnotic medicine given at bed-
time after oral hygiene care, and evening sugar intake cannot 
be recommended to dentate patients in such conditions. Other 
sweeteners or suspending agents are also available to improve 
drug palatability (21). The nurse’s aide participating in the 
study made the recommendation to concentrate the crushed 
drugs into one or two spoons of jam, rather than to dilute 
them in a larger volume. Breakfast milk, porridge, soup, 
mashed vegetables and sweets should be avoided. The chef 
recommended chewing white bread or green apple after tasting, 
instead of drinking water to clean the mouth, because water can 
increase bitterness. 
Finally, since the Prescription Drug User Fee Act and 
Food and Drug Administration Amendments Act of 2007, 
it is mandatory for pharmacological companies to test new 
medicines in clinical assays involving pediatric populations. 
Consequently, several companies proposed physical alteration 
to mask bitter taste and improve treatment compliance in 
children. Current solutions are: granule formulation (17), 
suppositories/mucoadhesive gels (15), micro- or nanostructures 
and nanohydrids (19, 22), hot melt extrusion (19), cyclodextrin 
inclusion alone or combined with lipid coating or ion exchange 
resin (23, 24). Similar to having these newly developed 
“children-friendly” drugs, it would be useful to have a strategy 
dedicated to the elderly population (7–9, 15–18, 25–27).
In conclusion, the taste of some drugs may be unbearable 
when they are crushed and mixed into food, and caregivers 
should avoid mixing bad-tasting drugs with other 
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more palatable drugs. There are wide differences of taste 
acceptability from one person to another. Thus, during 
workshops, each patient could taste once separately any single 
drug in his or her prescription list. In case of drug refusal, 
caregivers should inform physicians and pharmacists, who in 
turn should seek medical alternatives (drug discontinuation or 
substitution). Caregivers could employ alternative food serving 
or administration conditions. Pharmaceutical companies should 
also develop specific medicines for the older populations, in 
parallel with “children-friendly” medicines.
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CHAPITRE III – Avant-propos 
Résumé 
 Les médicaments sont souvent écrasés et mélangés dans une compote ou un laitage, pour 
pouvoir être pris par les personnes âgées qui ont des troubles de la déglutition ou des 
troubles du comportement. La Haute Autorité de Santé a publié la liste des médicaments 
autorisés à être écrasés, car cette pratique peut modifier la pharmacocinétique de certains 
médicaments, et les rendre inactifs voire toxiques. Il existe aussi un risque direct d'anorexie 
liĠ au goût doŶŶĠ auǆ aliŵeŶts, ŵais auĐuŶe Ġtude Ŷe l’a ĠǀaluĠ.  
EŶfiŶ, les pƌiŶĐipes aĐtifs ou l’eŶƌoďage des ŵĠdiĐaŵeŶts pouƌƌaieŶt aǀoiƌ uŶ iŵpaĐt suƌ les 
bactéries et les Candida du ďiofilŵ oƌal, loƌsƋu’ils soŶt diƌeĐteŵeŶt à leuƌ ĐoŶtaĐt. EŶ effet, 
des micro-organismes  endogènes assurent l'hydratation et la viscosité du biofilm oral, et 
donc une bouche saine et le confort du patient. La pratique des médicaments écrasés 
pourrait contribuer à expliquer la sécheresse buccale, qui est très fréquente chez les 
ƌĠsideŶts des ĠtaďlisseŵeŶts d’hĠďeƌgeŵeŶt pouƌ peƌsoŶŶes âgĠes dĠpeŶdaŶtes ;EHPADͿ. 
La sécheresse buccale augmente notamment le risque de candidoses orales, de pneumonies 
d'iŶhalatioŶ, d’aŶoƌeǆie et de dĠŶutƌitioŶ. 
L’objectif est de rechercher in vitro si certains médicaments inhibent ou au contraire 
stimulent  la croissance ŵiĐƌoďieŶŶe et ƌisƋueŶt d’altĠƌeƌ le ďiofilŵ oƌal 
Matériels et Méthodes :  
Nous avons testé in vitro si les 30 médicaments les plus prescrits en EPADH inhibent ou au 
contraire stiŵuleŶt  la ĐƌoissaŶĐe ŵiĐƌoďieŶŶe. Nous aǀoŶs testĠ d’aďoƌd leuƌ iŵpaĐt suƌ les 
souches de référence (normes AFNOR) et ensuite sur des souches orales (Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans. Streptococcus salivarius, 
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Gemella haemolysans). Par la suite les médicaments ont été testés sur des biofilms 
monoespèces (Streptococcus salivarius, Candida albicans). 
Résultats :  
Seulement huit des trente médicaments testés inhibent la croissance des souches 
microbiennes : acide acétylsalicylique, amlodipine, alprazolam, miansérine, clopidogrel, 
citalopram, fluindione et bensérazide levodopa. Ces huit médicaments ont été 
secondairement testés au contact de biofilms monoespèces (C. albicans et S. salivarius) en 
formation ou préformés. Les huit médicaments testés ont eu un impact sur la formation du 
biofilm de C. albicans. Durant la formation du biofilm, la réduction de viabilité varie de 58.4 % 
à 100 %. Sur un biofilm préformé et après 5 minutes de contact, 4 médicaments (acetylsalicylic 
acid, amlodipine, citalopram and mianserine) diminuent la viabilité du biofilm de C. albican. 
Six médicaments réduisent aussi la biomasse totale loƌsƋu’ils soŶt iŶĐuďĠs aǀeĐ S. salivarius. 
Ces six médicaments ont été plus efficaces que la chlorhexidine, utilisée comme contrôle après 
un contact de 5 minutes ;≥ Ϯϱ% d’iŶhiďitioŶ aǀeĐ acide acétylsalicylique, amlodipine et 
alprazolam).  
Conclusion : 
Huit des 30 médicaments écrasés testés ont eu un impact direct sur les 5 souches 
bactériennes et sur C. albicans. Ces ŵĠdiĐaŵeŶts oŶt aussi eu uŶ iŵpaĐt suƌ l’iŶtĠgƌitĠ des 
biofilms. La ƋuestioŶ d’uŶ iŵpaĐt in vivo est soulevée. 
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Abstract: 
Frail elderly people are often polymedicated and they also frequently suffer from swallowing 
disorders (dysphagia). As a precaution, these patients are often given blended food and 
nursing staff is also obliged to crush their medication and to mix drugs into their meals. 
Crushing drugs raises pharmacological and gustative problems. Besides, crushed drugs may 
have antimicrobial properties and they may be maintained in prolonged contact with the oral 
microbial biofilm. Crushing drugs could contribute to misbalance the oral ecosystem and to 
alter oral health of frail elderly people. The present work aimed to investigate the antimicrobial 
properties of the 30 most prescribed drugs in nursing homes. Tablets were crushed and 
capsules were opened in 1 mL of isotonic water. Microbial growth inhibition of Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, Streptococcus salivarius, Gemella 
haemolysans and Candida albicans was screened by the diffusion method on agar plates. 
Eight drugs inhibited microbial growth. They were secondly tested on C. albicans and S. 
salivarius biofilms grown in liquid medium. All the eight drugs tested had an impact on C. 
albicans biofilm formation. During biofilm formation, the reduction of viability ranged from 58.4 
% to 100 %. On an already formed biofilm and after only 5 minutes of contact, four drugs 
(acetylsalicylic acid, amlodipine, citalopram and mianserine) decreased C. albicans viability. 
Six drugs also reduced the total biomass when they were incubated with S. salivarius. These 
six drugs were more efficient than the chlorhexidine used as control after 5 minutes of contact 
(≥ 25% inhibition with acetylsalicylic acid, amlodipine and alprazolam). In conclusion, eight out 
of 30 drugs after crushing had a direct impact on five bacterial strains and C. albicans. The 
question of their oral impact in vivo is addressed.  
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Introduction: 
Anorexia is a frequent condition in elderly people [1]. In nursing homes and hospital wards it 
can reach between 20 % to 65 % of this population [2, 3], and up to 85% of long term care 
residents [4–7].  
Besides, many older adults suffer from chronic disease and they are often polymedicated. In 
nursing homes, they are administered an average of six to eight drugs daily, corresponding to 
six to 20 tablets or capsules [8]. Over 50% of residents from those institutions are affected by 
swallowing disorders due to stroke, cancer, Parkinson's disease, Alzheimer's disease, 
Sjögren’s syndrome and to some medications that can cause xerostomia or neuromotor 
alterations. The resulting dysphagia increases the risk of aspiration pneumonia. The 
consequent beverage and food refusal can lead to dehydration, anorexia and malnutrition [1, 
9]. As a precaution, these patients are often given blended food [10]. Nursing staff is also 
obliged to crush tablets, to open capsules, and to mix drugs into textured food, frequently made 
with blenders. Crushing drugs is a common practice in nursing homes [11]. In France, 63% of 
resident’s prescription is crushed [11]. 
  Crushing drugs can induce chemical (e.g. oxidization, acid-basic interaction) and 
pharmacologic problems (such as with gastro-resistant tablets). Listing of drugs authorized for 
crushing and consensual recommendations for their administration have been published by 
several groups of experts [12, 13]. According to recommendations: physicians should limit drug 
prescription [13], pharmacists should propose alternative formulation such as oral drops 
whenever possible [10], and nurses should only crush authorized drugs, they should do so 
separately just before administration and they should mix them into separated food servings 
[12]. Despite these recommendations, in practice, an observational study in French nursing 
homes and hospital wards involving 683 patients revealed that 41.5 % of crushed medications 
were not allowed to be given in this condition [11]. It was also commonly observed that several 
drugs are crushed together and administered in the same food serving [12]. 
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  In a previous interventional study involving 16 healthy volunteers, [14], we showed that the 
taste of some drugs such as zopiclone, clopidogrel and paracetamol could be unbearable when 
they were crushed and mixed into food. This feeling was even worst when the medications 
were crushed and mixed all together as it is commonly done in geriatric wards. The unbearable 
bitter taste of some crushed drugs could lead to food refusal and contribute to anorexia in 
polymedicated frail elderly people. Furthermore, in a previous prospective observational study 
involving 120 polymedicated patients, we observed that antimicrobial mouthwashes could be 
a risk factor of xerostomia, independently of other risk factors (polymedication, atropinic drugs 
and/or tobacco smoking) [15]. 
  These observations raised another question: is it possible that, in addition to chemical 
interactions and taste alterations, some crushed drugs could display intrinsic antimicrobial 
properties and alter the protective oral microbial biofilm? 
 
The oral biofilm is a three dimensional microbial structure covering host surfaces. In the healthy 
biofilm, more than 700 species of bacteria have been identified embedded in a exo-
polysaccharide matrix [16, 17]. The dynamic balance between host and biofilm creates a 
commensal protection against opportunistic pathogens [18]. Crushed drugs may be 
maintained in prolonged contact with the oral microbial biofilm, especially when patients suffer 
from swallowing disorders. If some active principle have an antimicrobial effect, crushing drugs 
could contribute to misbalance the oral ecosystem and to alter oral health of frail elderly people. 
The oral biofilm is also in charge of moisturizing the mouth. In fact, saliva is made of water, 
electrolytes, proteins from the salivary glands and bacteria. These commensal bacteria 
contribute to viscosity and hydrating properties of the oral biofilm [19, 20]. Dry mouth is a 
common symptom of polymedicated patients [9]. Dry mouth can be a direct side effect of 
atropinic medications or it could be an adverse effect following the contact between 
medications and the oral biofilm. The aim of this study was to screen in vitro, the antimicrobial 
properties of the 30 most prescribed drugs in nursing homes in France. The null hypothesis 
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was that crushed medication had no effect on microbial growth, biofilm formation and biofilm 
elimination.  
 
 
Materials and methods 
 
Crushed drugs 
The 30 drugs tested were selected as the top-list of the drugs prescribed in 2013 in the 596 
nursing homes of the Groupe Korian (France). Tablets or capsules with or without crushing 
authorization were tested [21]. A single tablet was crushed, or a single capsule was opened 
and then diluted in 1mL of isotonic water. The pH was measured for every drug in solution. 
The drugs were obtained from the pharmacy of Nice University Hospital, as part of the MELA 
protocol approved by the local Ethics Committee and registered by Health Authorities under 
Eudract n° 2013-003461-34 [14]. 
 
Microbial strains and culture conditions 
 Three reference bacterial strains recommended by the Association Française de 
Normalization (AFNOR) were used to screen antibacterial properties of the drugs: Escherichia 
coli CIP 54.127, Staphylococcus aureus CIP 53.154 and Pseudomonas aeruginosa CIP A22. 
These strains were grown aerobically at 37 °C overnight, on Mueller–Hinton agar (bioMérieux, 
France). Two oral strains were also tested: Streptococcus salivarius CIP 102.505 and Gemella 
haemolysans CIP 101.126. They were grown aerobically on 5 % sheep’s blood agar for 2 days 
at 37 °C. 
A fungal AFNOR reference strain of Candida albicans ATCC 10231 was also tested. C. 
albicans was cultivated aerobically on Sabouraud Chloramphenicol agar (bioMérieux, France) 
for 24 h at 37 °C. 
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Microbial growth inhibition 
Microbial growth inhibition was investigated by the diffusion method with 100 µL of bacterial 
(108 c.f.u.) or fungal (106 c.f.u.) inoculum smeared onto agar plates, and 40 µL of crushed 
drugs solution deposited into pits of 5 mm diameter. Diameter of growth inhibition was 
measured after 24 h of incubation. 
 
Effect of the drugs on the formation of S. salivarius / C. albicans biofilms 
 Bacteria and C. albicans biofilms were grown on commercially available pre-sterilized, 
polystyrene, flat bottomed 96-well microtiter plates (Corning, U.S.A). Biofilms were formed by 
pipetting standardized cell suspensions into wells: 100 µL of a suspension containing 108 cells 
mL−1 in Schaedler broth (bioMérieux, France) for S. salivarius and 106 cells mL−1 in  RPMI 1640 
(Roswell Park Memorial Institute medium) buffered with MOPS (3-(/N/-morpholino) 
propanesulfonic acid) [22] for C. albicans. In order to determine whether drugs had an effect 
on biofilm formation, 50 µL of crushed drugs solution were added to S. salivarius/C. albicans 
suspensions. Microbial suspensions incubated with isotonic water instead of drugs and biofilm-
free wells were included to serve as positive and negative controls, respectively. Plates were 
incubated for 24 h (C. albicans) or 48 h (S. salivarius) at 37 °C on an orbital shaker at 100 
r.p.m. After biofilm formation, the medium was aspirated. Non-adherent cells were removed by 
thoroughly washing the biofilms twice with PBS (pH 7.2). 
For S. salivarius, quantification of the total biofilm biomass was performed by crystal violet 
staining. Briefly 150 μL of crystal violet (1% v/v) was added into the wells and incubated for 15 
min at 37°C. The plates were washed again and air-dried, followed by addition of 200 μL of 
95% ethanol and shaking for 5 minutes to suspend intracellular bound crystal violet before 
measuring optical density at 630 nm [23].   
For C. albicans, a semiquantitative measure of biofilm formation was obtained using a 2,3-
bis(2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-5 carboxanilide (XTT) reduction assay 
as described previously [24]. Briefly, 100 µL of water were added to each of the prewashed 
biofilms and into control wells. Then 50 µL volumes of XTT reaction mixture (activation reagent 
42 
 
and XTT reagent) were added according to manufacturer’s recommendations (Cell 
Proliferation kit XTT, AppliChem, Germany). Plates were incubated in the dark for 2 hours at 
37 °C. A colorimetric change resulting from XTT reduction and representing a direct correlation 
of metabolic activity of the biofilm was measured with a microtitre plate reader (ELx800, Biotek 
Instruments, U.S.A) at 490 nm.  An inhibitory percentage was calculated by the following 
formula: [(control−treatment)/control] ×100. All experiments were done in triplicate on three 
independent assays. Isotonic water was used as negative control. A brand mouthwash 
containing 0.12% chlorhexidine was used as a Positive Control.  
 
Effect of drugs on pre-formed S. salivarius/ C. albicans biofilms 
Biofilms were obtained as described before. After 24 h of incubation, the medium was aspirated 
and non-adherent cells were removed by thoroughly washing the biofilms with PBS. Then, 100 
µL of crushed drugs solution were added into wells. Isotonic water and chlorhexidine 
mouthwash were used as negative and positive control. Microtitre plates where incubated for 
5 min on an orbital shaker at 100 r.p.m. Biofilms were then washed and XTT reaction was 
measured as described before. 
All the tests were done in triplicate, in three separate occasions 
 
 
 
 
Results  
 
Medications and pH 
The 30 drugs tested are listed in descending order of prescription rate in Table 1. In solution, 
their pH ranged from 5 to 8.5.  
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Drugs INN 
( Laboratory ) 
Formula   Formulation Main 
indication 
pH in 
isotonic 
water 
Authorized 
to be 
crushed  
Paracetamol  
(Sanofi-Aventis) 
 
 
Capsule  
500 mg 
Analgesic 7.5 Crushed 
Acetylsalicylic acid 
(Sanofi Aventis) 
 
 
 
 
Powder 
100 mg 
Analgesic, 
Antiplatelet 
6 No 
Furosemide 
(Sanofi Aventis) 
 
 
 
Tablet 20 mg Anti 
hypertensive,  
loop diuretic 
6 Crushed 
Levothyroxine sodium 
(Merck)  
Tablet 25 µg Thyroid 
hormone 
6 Crushed 
Memantine 
(Lundbeck) 
 
 
Tablet 10 mg Alzheimer's 
disease 
6 Crushed  
Potassium chloride 
(E508) 
 (UCB Pharma) 
 
K-Cl Capsule 
600 mg 
Hypocalcemia 6 No 
Zopiclone  
(Arrow) 
 
 
 
 Tablet 7.5 
mg 
Hypnotic,  
benzodiazepin
e 
6.5 Crushed 
Amlodipine 
(Pfizer) 
 
 
Capsule 5 mg Antihypertensi
ve , calcium 
channel 
blockers. 
6,5 No 
Alprazolam  
 (Mylan) 
 
Tablet 0.25 
mg 
Anxiolytic 
benzodiazepin
e 
6,5 Crushed 
Oxazepam  
(Biodim) 
 
 
Tablet 10 mg Anxiolytic,  
benzodiazepin
e 
6 Crushed 
Risperidone  
(Janssen Cilag) 
 
 
Tablet 1 mg Neuroleptic 6 No 
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Mianserin  
(Arrow) 
 
  
Tablet 10 mg Antidepressan
t, tetracyclic 
6 No 
Donepezil  
(Mylan) 
 
Tablet 5 mg Acetylcholines
terase 
inhibitor , 
Alzheimer's 
disease 
6 Crushed 
Macrogol 4000 
(Bayer) 
 
 
 
 
Powder 5.9 g  Laxative 8,5 No 
Clopidogrel 
 (Sanofi Pharma) 
 
 
 
Tablet 75 mg Anti-platelet 5 Crushed 
Calcium Vitamin D3 
(Sandoz) 
  
Tablet 
100 mg 
Against 
osteoporosis 
8,5 No 
Benserazide; 
Levodopa 
(Roche) 
 
 
 
Powder  
50 mg/ 12.5 
mg 
Co-beneldopa, 
Parkinson's 
disease 
6,5 No 
Ramipril  
(Sanofi Aventis) 
 
 
Tablet 1.25 
mg 
Antihypertensi
ve, 
angiotensin 
converting 
enzyme 
inhibitor 
6 Crushed 
Folic acid  
( C.C.D) 
 
Tablet  
5 mg 
B Vitamin 6 Crushed 
Amiodarone 
(Arrow) 
 
 
Tablet  
200 mg 
Antiarhythmic 
agent 
6,5 Crushed 
Rivastigmine 
(Novartis) 
 
Capsule  
1.5 mg 
cholinergic 
agent, 
Alzheimer's 
disease 
6 No 
Glycerol 
(E422);Vaseline 
(Cooper) 
 
Suppository lubricant Not 
tested 
No 
Citalopram 
(Lundbeck) 
 
 
Tablet 
20 mg 
Antidepressan
t, serotonin 
reuptake 
inhibitor 
7,5 Crushed 
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Fluindione  
(Merck Serono) 
 
 
 
Tablet  
20 mg 
Vtamin K 
antagonist 
5 Crushed 
Digoxin 
 (Teofarma) 
 
 
 
Tablet 
 0.25 mg 
Cardiac 
glycoside 
6 Crushed 
Trinitrine 
(Tonipharm) 
 
Tablet 
 0.15 mg 
Angina 6 No 
Esomeprazole  
(Astra Zeneka) 
 
 
Tablet  
20 mg 
Proton pump 
inhibitor, 
inhibits gastric 
acid secretion  
6 No 
Galantamine 
(Janssen-Cilag) 
 
 
Capsule  
24 mg 
Alzheimer's 
disease 
6 Crushed 
Cholecalciferol 
(Crinex) 
 
 
 
Single-dose 
vial 2.5 mg 
D3 Vitamin  
deficiency 
6 No 
Domperidone  
(Arrow) 
 
Tablet 10 mg Antagonist of 
the dopamine 
D2 and D3 
receptors, 
against nausea 
6.5 No 
Table 1. The 30 most prescribed drugs in nursing homes (in descending order of prescription 
rate) with their pharmacological features. INN: international nonproprietary name. 
 
 
Microbial growth inhibition 
A total of eight drugs out of 30 displayed antibacterial and/or antifungal properties. Each drug 
displayed a different spectrum of inhibition. Very active drugs were amlodipine, citalopram, 
clopidogrel and benserazide levodopa. Moderately active drugs were acetylsalicylic acid and 
mianserine. Less active ones were fluindione and alprazolam. Results are detailed in Table 2.
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 E. coli CIP 
54.127 
 
 
P. 
aeruginosa 
CIP A22 
 
S. aureus 
CIP 53.154 
 
G. haemolysans  
CIP 101.126 
 
S. salivarius  
CIP 102.505 
 
C. albicans 
IP 48.72 
Acetylsalicylic 
acid  
0 ± 0 0 ± 0  9 ± 0  14.5 ± 0.7  0 ± 0  0 ± 0  
Amlodipine  13.5 ± 0.7 8.75  ± 0.3
  
18 ± 4.2 23 ± 5.6 13.5 ± 0.7
  
10 ± 2.8
  
Alprazolam 
  
0 ± 0  0 ± 0  10± 1.4  0 ± 0  0 ± 0  0 ± 0  
Mianserine 9.5 ± 0.7 0 ± 0  8.75 ± 1.8
  
8 ± 0  7 ± 0  8.5 ± 0.7
  
Clopidogrel 7 ± 0  9.5  ± 2.1
  
10 ± 4.2
  
6.25 ± 0.3  12.5 ± 2.1
  
0 ± 0  
Citalopram  16 ± 0  6 ± 0  11 ± 0  12.5 ± 0.7 9.5 ± 0.7
  
10.5 ± 0.7
  
Fluindione  0 ± 0  0 ± 0  16.5 ± 7.8
  
9 ± 4.2  0 ± 0  0 ± 0  
Benserazide 
Levodopa 
13.5 ± 0.7 18 ± 0 34 ± 5.6 34 ± 0 0 ± 0  0 ± 0 
Negative Control: 
Isotonic water 
0 ± 0  0 ± 0  0 ± 0  0 ± 0  0 ± 0  0 ± 0  
Positive Control: 
Chlorhexidine 
19.5 ± 0.7 12.25 ± 0.3 31 ± 1.4 18 ± 0 15 ± 1.4 12.5 ± 0.7 
Table 2: Diameter of microbial growth inhibition (mm) of bacterial (108 c.f.u.) or fungal (106 c.f.u.) 
inoculum smeared onto agar plates, and 40 µL of crushed drugs solution deposited into pits of 5 mm 
diameter. Diameter of growth inhibition was measured after 24 h of incubation.  
 
 In addition to antibacterial properties, 10 out of 30 drugs tested also displayed hemolytic 
properties around the pits on 5% sheep’s blood agar plates. The 10 drugs were, with 
decreasing hemolytic properties: galantamine 26 ± 1.4 mm; benserazide levodopa 17.5  ± 3.5 
mm, clopidogrel 12.5 ± 2.1 mm ; amlodipine 11 ± 0 mm; alprazolam 9.5 ± 0.7 mm; citalopram 
8 ± 2.8 mm; domperidone 8 ± 0 mm; mianserine 7 ± 0 mm; amiodarone 6 ± 0 mm;  potassium 
chloride 6  ± 0 mm (Positive Control: chlorhexidine 10 ± 0 mm). 
Among these active principles, four displayed hemolytic activity but no inhibition of bacterial or 
fungal growth (amiodarone, domperidone, potassium chloride, galantamine).  
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Streptococcus salivarius biofilm 
The eight drugs which displayed antibacterial and/or antifungal properties onto blood agar 
plates where secondly screened in order to test their anti-biofilm properties. Microbial 
suspensions were grown into microtiter plate wells, forming a biofilm adherent to polystyrene. 
Effect of drugs on the formation of S. salivarius biofilms 
The percentage of reduction in S. salivarius biofilm formation was: alprazolam 95.9 ± 3.6%; 
acetylsalicylic acid 78.8 ± 4.5%; amlodipine 75.9 ± 6.5%; mianserine 59.1 ± 11.3%; citalopram 
50.4 ± 15.8%; fluindione 67.0 ± 13.1% and chlorhexidine 45.8 ± 25.7%. No reduction of the 
biofilm was observed with clopidogrel or benserazide levodopa. 
Effect of drugs on pre-formed S. salivarius biofilm  
Exposure of pre-formed 48 h S. salivarius biofilm to drugs for 5 min resulted in reduction in 
viability compared to control biofilms. The percentage of reduction observed was: 
chlorhexidine 39.7 ± 1.7%; acetylsalicylic acid 24.8 ± 15.9%; alprazolam 24.8 ± 9.0% and 
amlodipine 24.5 ± 22.5%. No biofilm reduction was observed with benserazide levodopa, 
citalopram, clopidogrel, mianserine and fluindione.  
Six drugs among the eight tested reduced the total biomass when they were incubated with S. 
salivarius. These six drugs were more efficient to reduce the biomass than chlorhexidine used 
as Positive Control. After 5 min of contact, acetylsalicylic acid, amlodipine and alprazolam 
reduced the total mass of bacteria by approximately 25%.  
 
Candida albicans biofilm 
Effect of crushed drugs on the formation of C. albicans biofilm 
 C. albicans ATCC 10231 produced a significant biofilm (OD 490: 1.17 ± 0.31). Negative 
Control was attributed 100% viability of C albicans in biofilm. The percentage of reduction in 
biofilm formation was, in decreasing order of efficacy : acetylsalicylic acid 101.6 ±13.2 %; 
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amlodipine 101.3 ± 12.9 %; alprazolam 101.2 ± 13.3%; miansérine 94.8  ± 11.6%; clopidogrel, 
68.6 ± 21.1%; citalopram 58.4 ± 18.6%; fluindione 86.8  ± 15.7% and chlorhexidine (Positive 
Control) 9.6 ± 0.49%.   
All the drugs tested had an impact on the biofilm formation by C. albicans. The reduction of 
Candida viability was between 58.4 ± 18.6% and 101.6 ± 13.2%. 
 
Effect of crushed drugs on pre-formed C. albicans biofilm 
Exposure of pre-formed 18 h C. albicans biofilms to crushed drugs for 5 min resulted in 
reduction in viability compared to Control biofilm for four drugs. The percentage of reduction 
observed, in decreasing order of efficacy, was: amlodipine 73.5 ± 6.8%; citalopram 31.2 ± 
9.9%; acetylsalicylic acid 23.4 ± 6.6%; mianserine 11.6 ± 8.9% and chlorhexidine (Positive 
Control) 95,8% ± 0,55.  No reduction of the biofilm was observed with alprazolam, clopidogrel 
or fluindione.  
 Benserazide levodopa formed deposits at the bottom of wells and it was impossible to 
measure optic density with colorimetric methods. 
 
Results of biofilm inhibition are summarized in Table 3. Crushed medications either had an 
inhibiting effect (+) or no effect (0) on microbial growth and/or biofilm formation/destruction. 
None of the medications tested increased microbial growth or biofilm formation.  
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    S. salivarius    C. albicans  
 
Table 3: Effect of medications on microbial growth, biofilm formation and pre-formed biofilm 
destruction after a contact of 5 min. (0): no effect; (+): inhibiting effect;  a Crushed medications 
 
 
Discussion 
 
In our knowledge, this is the first time that crushed medications have been screened for their 
antimicrobial properties. We tested in vitro the antimicrobial properties of the 30 most 
prescribed drugs in nursing homes, either they were authorized or not to be crushed according 
to the French Health Authority [21]. Indeed, in practice, these recommendations are not always 
followed by medical staff [11].  
  A total of eight drugs out of 30 displayed antibacterial properties in liquid cultures: 
acetylsalicylic acid, amlodipine, alprazolam, mianserine, clopidogrel, citalopram, fluindione 
and benserazide levodopa. We could not find chemical similarities with antibiotic or antifungal 
molecules to explain these results. We actually used drugs under their commercial formulation, 
as they are used in nursing homes, and not the purified active principles. It is thus possible 
that some excipients contained in these brand formulations, or their pH, had an impact on the 
microbial flora.  
 Regarding S. salivarius strain; acetylsalicylic acid, alprazolam and fluindione had no 
antibacterial properties onto agar plates. Nevertheless, they inhibited S. salivarius biofilm 
 Growth 
inhibition  
Inhibition of  
biofilm 
formation  
 
Reduction of 
a pre-formed  
biofilm       
Growth 
inhibition  
Inhibition of  
biofilm 
formation  
Destruction 
of a pre-
formed  
biofilm       
       
Acetylsalicylic 
acid 
0 + + 0 + + 
Alprazolam  a 0 + + 0 + 0 
Amlodipine + + + + + + 
Bensarezide 
levodopa 
0 0 0 0 Impossible 
to read 
Impossible 
to read 
Chlorhexidine 
(Positive 
Control) 
+ + + + + + 
Citalopram  a + + 0 + + + 
Clopidogrel  a + 0 0 0 + 0 
Fluindione a 0 + 0 0 + 0 
Mianserine + + 0 + + + 
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formation. It means that they had a negative effect on the tri-dimensional structure formation 
of the biofilm.  Furthermore, acetylsalicylic acid and alprazolam had also the ability to destroy 
the structure of a pre-formed S. salivarius biofilm. These results suggest that some crushed 
medications could inhibit the structure of a biofilm even if they don’t have direct antibacterial 
properties.  
 We actually had some issues with the coating of some drugs. In touch with the medium we 
observed an immediate change of color with fluindione which gave an orange shade, and with 
benserazide levodopa which gave a black shade. Furthermore, the latter formed deposits at 
the bottom of wells that rendered colorimetric methods impossible. 
   Seven drugs out of the eight tested (we couldn’t screen the effect of benserazide levodopa 
on biofilms) had an impact on the formation of biofilm by C. albicans, despite the fact that five 
of them did not display antifungal properties in liquid culture: acetylsalicylic acid, alprazolam, 
clopidogrel, fluindione and benserazide levodopa.  Exposure of pre-formed 18 h-C. albicans 
biofilms to drugs for 5 minutes resulted in reduction in viability, compared to control biofilm, for 
four drugs: amlodipine, citalopram, acetylsalicylic acid and mianserine. These results suggest 
that some crushed medications could inhibit the tri-dimensional structure of a Candida biofilm 
even if they don’t have direct antifungal properties. 
 In the absence of similar studies, we couldn’t compare these results with others from the 
literature on crushed medications.  
 We found that eight drugs had an inhibitory effect on the growth of AFNOR reference microbial 
species, as well as two oral endogenous bacterial species. This unexpected property could 
have an impact on commensal flora. Chlorhexidine was used as a Positive Control because it 
is an antiseptic mouth rinse commonly used as a clinical reference. In this study, some 
medications were as efficient than chlorhexidine to inhibit microbial growth. Chlorhexidine 
rinse, on a daily use has an impact the oral flora and increases xerostomia [15].  Dry mouth is 
a condition which can lead to anorexia and malnutrition [1,25]. We already found in a previous 
study that some medication crushed into food could alter the taste, which would increase the 
risk of food refusal [14].  
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Further investigations are needed with other microbial strains and mature biofilm. In vivo 
studies would help to study the modification of the oral biofilm induced by crushed medications. 
Furthermore, frail elderly poeple are often polymedicated; the entire crushed prescription is 
mixed into their meal and can stay in their mouth when they are suffering from dysphagia. We 
only studied the impact on medication one by one, but it would be interesting to study a mix of 
medications. 
 
 According to these preliminary results, caregivers should avoid crushing these eight drugs 
into food, especially alprazolam, clopidogrel, citalopram and fluindione which are authorized 
to be crushed by the French Health Authority.  Furthermore, pharmaceutical companies should 
also develop specific medicines for the older populations, in parallel with “children-friendly” 
medicines [26–35] to avoid as much as possible crushing medication.  
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Nous avons montré dans ce travail que, chez les patients hospitalisés et polymédiqués, une utilisation 
prolongée (supérieure à deux semaines) des bains de bouche antiseptiques était indépendamment 
associée à la sécheresse buccale.  Cette étude nous a incitĠs à Ġtudieƌ l’iŵpaĐt des ŵĠdiĐaŵeŶts 
écrasés sur le biofilm oral (in vitro) et sur la malnutrition (in vivo).  
In vivo, l’Ġtude ĐliŶiƋue oƌgaŶisĠe Đoŵŵe uŶe dĠgustatioŶ a peƌŵis de ŵettƌe eŶ ĠǀideŶĐe Ƌue ĐeƌtaiŶs 
médicaments pouvaient donner un mauvais goût aux aliments. Certains médicaments (zopiclone, 
clopidogrel, paracétamol) et le mélange de médicaments se sont avérés exécrables pour la plupart des 
goûteurs.   
 In vitro, nous avons trouvé que huit médicaments écrasés parmi les trente les plus prescrits en EPADH 
inhibaient la croissance bactérienne : acide acétylsalicylique, amlodipine, alprazolam, miansérine, 
Đlopidogƌel, Đitalopƌaŵ, fluiŶdioŶe et ďeŶsĠƌazide leǀodopa. Quatƌe d’eŶtƌe euǆ pƌĠseŶtaieŶt aussi uŶe 
activité antifongique (amlodipine, mianserine, citalopram et bensérazide lévodopa).  Ces huit 
ŵĠdiĐaŵeŶts oŶt diŵiŶuĠ ou eŵpġĐhĠ la foƌŵatioŶ d’uŶ ďiofilŵ de C. albicans.  LoƌsƋu’uŶ ďiofilŵ 
préformé (18 h de culture) de C. albicans était exposé pendant cinq minutes à quatre médicaments 
(amlodipine, citalopram, acide acétylsalicylique et miansérine) nous avons observé une diminution de 
sa ǀiaďilitĠ. AuĐuŶe ƌĠduĐtioŶ du ďiofilŵ Ŷ’a ĠtĠ oďseƌǀĠe aǀeĐ alpƌazolaŵ, Đlopidogƌel, fluiŶdioŶe et 
chlorhexidine (contrôle positif). Une réduction de la formation d’uŶ ďiofilŵ de S. salivarius a été 
observée au contact de six médicaments (acide acétylsalicylique, amlodipine, alprazolam, miansérine, 
Đitalopƌaŵ, fluiŶdioŶe et ĐhloƌeǆhidiŶeͿ. AuĐuŶe ƌĠduĐtioŶ du ďiofilŵ Ŷ’a ĠtĠ oďseƌǀĠe aǀeĐ 
clopidogrel et bensérazide lĠǀodopa.  LoƌsƋue Ƌu’uŶ ďiofilŵ pƌĠfoƌŵĠ ;ϰϴ hͿ de S. salivarius est exposé 
pendant cinq minutes à trois médicaments  (acide acétylsalicylique, alprazolam, amlodipine et 
chlorexhidine,) nous avons observé une diminution de sa viabilité. Aucune réduction du ďiofilŵ Ŷ’a ĠtĠ 
observée avec bensérazide levodopa, citalopram, clopidogrel, miansérine et  fluindione. 
Ces résultats nécessitent des travaux complémentaires, mais ils tendent à montrer que les 
médicaments écrasés ont un impact négatif à la fois sur le goût et sur le biofilm oral.  Ainsi, chez les 
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personnes âgées souffrant de troubles de la déglutition, la pratique des médicaments écrasés 
contribuerait à aggraver la sécheresse buccale, la diminution de l'appétit (anorexie) et la malnutrition. 
L’adŵiŶistƌation des médicaments sous forme écrasée diminuerait ainsi la qualité de vie des personnes 
âgées, surtout celles qui prennent beaucoup de médicaments. 
L'objectif final de ce travail serait d'améliorer les protocoles de distribution des médicaments en 
EHPAD et à domicile, et idéalement de trouver ou de proposer des formes galéniques gériatriques, 
comme en pédiatrie. Ce travail pourrait aussi contribuer à encourager la politique de réduction des 
prescriptions médicamenteuses. 
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